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PREFACE. 


Were  you  to  ask  mc  now — 
"Why  did  you  write  this  book?" 

I  might,  at  first,  perhaps,  find  it  somewhat  difficult  to  give  you  a  concise  an- 
swer. In  sooth,  I  might  simply  say,  because  it  pleased  me  so  to  do.  Or,  be- 
cause it  filled  up  the  long  winter  evenings  with  an  interesting  occupation.  Or, 
indeed,  because  I  thought  by  committing  to  paper  cortain  facts,  I  might  thereby 
retain  them  the  more  securely  in  my  memory,  &c,  &c.  You  may  rest  assured  of 
one  thing,  however:  I  had  no  idea,  no  intention,  in  fact,  no  desire,  that  these 
pages  should  ever  visit  other  e}'es  than  mine  own. 

Wore  you  to  ask  me  further,  then — 

"  Why  then  did  you  publish  it?" 

You  have  my  answer  at  once:  Because  all  my  friends  (!)  strongly  counselled 
me  not  to  do  so.  That  settled  it  in  something  less  than  no  time.  Seizing  my 
manuscript,  I  cried  aloud,  "Since  you  are  to  go  to  the  publisher,  'stand  not 
upon  the  order  of  your  going,  but  go  at  once!'  " 

Thus  it  went. 

"  Many  a  timo  and  oft,"  during  the  progress  of  this  work,  have  I  read  aloud 
to  my  wife,  who,  seated  at  my  side,  would  bo  intensely  engrossed  in  darning,  or 
"doing  mending"  as  she  styles  it;  "Many  a  time  and  oft,"  I  say,  have  I  read 
aloud  certain  passages  to  my  wife,  which  to  mo  sounded  somewhat  lofty,  and 
exclaimed  after  so  doing,  "There!  how  do  you  think  that  sounds?"  and  paused 
for  a  reply. 

Upon  one  of  these  occasions,  then,  did  she  wearily  raiso  her  head,  and  regard- 
ing me  with  eyes  expressive  somewhat  of  sadness,  earnestly  observe,  that  she 
pitied,  aye,  she  very  much  pitied  that  most  unfortunate  of  all  wretches — him 
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who  was  doomed  to  wade  through  all  this  trash.  And  yet,  with  seeming  incon- 
sistency would  she  add,  she  hoped  that  I  would  endow  her  with  the  shekels  and 
ducats  likely  to  accrue  from  the  sale  of  these  volumes. 

Upon  my  yielding  a  ready  acquiescence  thereto,  she  would  still  further  remark, 
she  was  glad,  very  glad,  as  we  never  had  any  matches  in  the  house,  and  possibly 
this  amount  would  be  just  the  sum  requisite  to  acquire  the  coveted  tinder. 

Encouraged,  sustained,  buoyed  as  I  might  say,  by  these  incentives,  I  have  per- 
severed until  I  have  seen  my  last  page — like  the  little  child  which  had  rent  its 
garment — toward  its  close. 

I  do  not  lay  claim  in  these  pages,  to  any  originality.  That's  nonsense;  though 
some  say — these  among  mine  enemies — that  I  am  an  original.  That's  envy.  No, 
this  book  has  been  written  for  learners,  not  for  the  learned !   And  that's  the  truth. 

It  has  not  been  my  object  to  extend  the  boundaries  of  our  present  system  of 
photography,  by  excursions  into  debatable  ground,  but  to  present  that  which  is 
generally  admitted  in  a  form  easily  comprehended.  By  this,  however,  I  do  not 
wish  to  convey  the  idea  that  my  book  is  unscientific  in  its  method;  certainly 
not.  I  mean  merely,  that  I  have  striven  to  avoid  encumbering  the  work  with 
the  many  abstruse  and  still  unsolved  questions  which  environ  the  subject.  At 
the  same  time,  I  believe  the  reader  who  is  somewhat  familiar  with  the  rudi- 
ments of  the  science,  will  find  the  subject  brought  down  to  the  latest  ascer- 
tained results,  while  in  some  directions  he  will  discover  that  a  decided  advance 
has  been  made. 

The  book,  although  purposely  divided  into  sections,  which  may  at  first  sight 
present  a  fragmentary  appearance,  will  be  found  by  him  who  will  take  the  trou- 
ble uto  wade  through  all  this  trash,''  closely  connected  and  perfectly  continu- 
ous, and  that  it  forms  a  compact  and  orderly  system  of  progression. 

Photography,  like  painting  and  sculpture,  is  an  art  as  well  as  a  science,  and 
no  book  on  this  subject  is  of  much  value  which  is  not  well  furnished  with  exam- 
ples for  study.  Finally,  it  is  with  the  most  unblushing  effrontery  that  I  say,  I 
believe  this  book  may  safely  challenge  comparison  with  any  work  heretofore 
written  on  the  subject. 

If,  after  the  perusal  of  the  book,  you  should  find  yourself  enriched  by  any 
additional  and  serviceable  ideas,  then  is  my  mission  fulfilled.    But  should  you 
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have  derived  no  benefit  therefrom,  then  I  should  simply  say  you  were  "stuck" 
four  dollars.    But  that's  your  lookout,  however,  and  forms  no  business  of  mine. 

I  avail  myself  of  this  opportunity  to  express  my  thorough  appreciation  of 
the  judicious  arrangement  of  the  typographical  department,  and  to  tender  my 
sincere  thanks  to  my  publishers,  Messrs.  Benorman  &  Wilson,  for  the  exquisite 
and  consummate  tact  displayed  generally,  in  the  elegant  manner  in  which  this 
book  has  been  gotten  up.  Further,  I  sincerely  trust  that  this  venture  will  not 
result  in  their  absolute  ruin  and  prematuro  disgrace. 

I  had,  in  fact,  when  I  commenced  this  preface,  no  intention  of  ever  bringing 
it  to  an  end,  but  suspicious  that  possibly  this  method  of  procedure  might,  in  the 
long  run,  somewhat  interfere  with  the  original  design  of  the  book,  I  have 
changed  my  mind,  and  conclude  by  repeating  the  advice  found  in  a  portion  of 
the  "Sermon  on  the  mount": 

"  Let  your  '  light '  so  shine  before  men,  that  they  may  see  your  good  works." 


Anderson. 


CO  NT  BNTS. 


Page 

Introduction,  

9 

Outlines  ok  Chemistry,  

80 

Something,  though  not  much, 

A  ROUT 

The  Atomic  Theory,  

82 

Hydrostatics,  

17 

Atomic  Weight,  

83 

Specific  Gravity,  

19 

Chemical  Equivalents,  

83 

The  Hydrometer,  

20 

Nomenclature  of  the  Elements,    .    .  . 

84 

The  Syphon,   

20 

Diffusion  of  Gases,  

87 

21 

Double  Decomposition,  

87 

Something,  though  not  much, 

AROUT 

Crystallization,  

88 

Pneumatics,  

22 

Efflorescence,  

89 

'J4 

Deliquescence,  

89 

Something,  though  not  Mucn, 

ABOUT 

89 

20 

Chemical  Affinity,  

90 

Something,  though  not  much, 

ABOUT 

On  the  Chemical  Action  of  Light,    .  . 

90 

Heat,  

30 

Theory  of  Photography,  

92 

34 

68 

Photographic  Chemicals,  

97 

66 

The  Skylight,  

US 

57 

The  Backgrounds,   . 

116 

Interference  of  Waves  of  Light, 

69 

Accessories,  

116 

02 

116 

63 

The  Platform,  

117 

Curvature  of  Field,  .... 

64 

Tho  Reception  Room,  

117 

66 

Tho  Dark-Room,  

119 

66 

Tho  Tanks,  

119 

67 

Tho  Chemical  Room,  

120 

The  Eye,  

68 

On  tho  Selection  of  Glass  for  Nega- 

Insensibility  of  a  Certain  Portion  of  tho 

LSI 

69 

On  the  Method  of  Cleaning  thjo  Plates, 

121 

71 

Polishing  the  Plates,  

122 

122 

The  Refracting  Stereoscope, 

75 

78 

124 

viii 


CONTENTS. 


h  otogr  A.P  h  y —  Continued. 

Page 

Photography — Continued. 

Page 

Iodides  and  Bromides  used  in  Collodion, 

125 

Porcelain   Printing   by  the  Collodio- 

Formula  for  Iodized  Collodion,    .    .  . 

126 

168 

Elbert  Anderson's  Portrait  Collodion,  . 

127 

Collodio-Chloride,  

169 

The  Negative  Bath,  

129 

Porcelain  Printing  Frames,  .... 

170 

170 

Nature  of  the  Invisible  Image,    .    .  . 

135 

Transparencies  for  the  Magic  Lantern — 

Developing  and  Redeveloping, 

136 

171 

Effects  of  Intensification,  

140 

171 

140 

By  Direct  Printing  on  Dry  Plates,    .  . 

172 

Rectification  of  the  Negative  Bath,  .  . 

141 

By  the  Collodio-Chloride  Process,     .  . 

173 

To  Fuse  the  Bath,  

145 

Coloring  Magic  Lantern  Slides,    .    .  . 

173 

To  Restore  a  Disordered  Bath  by  Pre- 

On  Copying,  

174 

146 

175 

To  Throw  Down  the  Silver  in  the  Metal- 

On  the  Recovery  of  Silver  from  the 

147 

175 

148 

176 

The  Plateholder,  

149 

The  Washings  from  the  Prints,    .    .  . 

176 

149 

Waste  from  the  Toning  Bath,  . 

177 

Varnishing  the  Negative,  

151 

177 

151 

Of  the  Treatment  of  these  Residues, 

178 

151 

Art,  as  Applied  to  Photography,  .  . 

180 

155 

181 

156 

183 

Ammonio-Nitrate  of  Silver,    .    .    .  . 

156 

186 

157 

Examples  of  Distortion  of  the  Camera, 

187 

The  Positive  Bath,  

157 

Curious  Effects  of  Distance  of  a  Lens,  . 

187 

158 

Imperfections  of  the  Human  Face,  .  . 

188 

159 

190 

The  Print,  

159 

191 

The  Press,  

160 

192 

160 

1  Q7 

iy  i 

162 

Something  about  We,  Us,  Ourselves 

162 

197 

162 

OAA 

200 

163 

OAA 

165 

OAO 

The  Washing  Tank,  

165 

204 

166 

205 

166 

211 

167 

Fogging,  

212 

167 

214 

THE  SKYLIGHT  AND  THE  DARK-ROOM. 


INTRODUCTION. 

The  progress  of  Chemistry  has  pointed  out  a  series  of  facts,  which  have  led 
universally  to  a  belief  in  the  existence  of  very  small  particles  of  matter,  by  the 
union  of  which  all  masses  of  matter  are  formed. 

Concerning  any  substance,  the  chemist  asks:  Of  what  is  it  composed?  He 
endeavors  to  analyze  it  [t'.  e.,  to  take  it  to  pieces],  and  having  found  out  of  what 
it  is  composed,  he  seeks  to  put  the  parts  together  again  to  form  the  original 
compound.  If  he  succeed  in  decomposing  a  substance,  such  substance  is  re- 
garded as  a  compound  of  simple  substances;  but  if  the  substance  cannot  be 
decomposed  by  any  known  method  of  analysis,  ho  regards  the  substance  as 
being  already  at  its  simplest.  Such  simple  substances,  then,  are  called  elements; 
all  other  are  called  compounds. 

It  has  been  agreed  to  call  the  smallest  conceivable  quantity  of  an  element  by 
the  name  of  atom  [i.  e.  uncut].  It  has  further  been  agreed  to  call  the  smallest 
conceivable  quantity  of  a  compound  by  the  name  of  molecule.  A  molecule  then 
always  contains  two  or  more  atoms. 

These  atoms  or  particles  are  not  considered  as  susceptible  of  any  change, 
however  varied  the  appearance  of  a  mass  of  matter  may  be,  owing  to  the 
manner  in  which  they  are  grouped^ together.  They  may  constitute  a  thin, 
invisible  gas,  a  liquid,  or  a  ponderous  solid.  Neither  can  they  in  any  way  be 
destroyed  by  any  power  that  man  possesses.  They  may  appear  and  disappear 
to  the  eye,  but  they  still  exist.  They  may  be  hard,  impenetrable  particles,  of 
such  size  and  shape  best  suited  to  carry  out  the  end  for  which  they  wero  created. 
They  may  never  wear  away,  break,  nor  be  divided. 

All  the  researches  and  investigations  of  science,  teach  us  that  it  is  impossible 
for  us  to  create  or  destroy  a  single  atom ;  this  power  rests  with  the  Deity  alone. 
The  quantity  of  matter  which  exists  upon  the  earth  and  throughout  space,  has 
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never  been  diminished  by  the  annihilation  of  a  single  atom  since  the  day  of 
creation. 

We  can  conceive  in  some  faint  degree  how  minute  must  be  these  particles  of 
matter,  from  circumstances  that  every  day  come  within  our  knowledge.  A 
single  grain  of  musk  will  scent  a  large  room  for  years,  and  still  lose  no  appre- 
ciable part  of  its  weight.  In  the  manufacture  of  gilt  wire,  the  amount  of  gold 
employed  to  cover  an  inch  of  wire  will  be  only  the  T-f#-g-  part  of  a  grain;  if  we 
divide  this  inch  into  1000  pieces,  we  see  distinctly  the  120,000  part  of  a  grain; 
if  we  now  use  a  microscope  magnifying  500  times,  we  may  clearly  distin- 
guish the  60,000,000  (the  sixty  millionth)  of  a  single  grain;  but  even  of  this 
division — for  we  can  divide  this  a  thousand  times  smaller — we  can  form  no 
rational  conception  whatever. 

No  one  has  ever  seen  an  atom;  no  one  has  ever  been  able  to  recognize  any 
portion  of  matter  so  small  that  it  cannot  in  some  way  be  made  smaller;  yet 
the  evidence  on  this  subject,  derived  mainly  from  chemical  investigation,  is  of 
such  a  character  as  to  leave  no  reasonable  doubt  that  all  matter  is  ultimately 
composed  of  indivisible  atoms.  The  nature  of  this  evidence  will  be  mentioned 
hereafter. 

When  a  piece  of  wood  is  heated  in  a  close  vessel,  such  as  a  retort,  we  obtain 
water,  acid,  several  kinds  of  gas,  and  charcoal.  The  wood  is  here  destroyed, 
but  none  of  the  particles  which  compose  it  have  suffered  any  change;  they  have 
simply  assumed  new  arrangements  or  forms,  but  nothing  is  lost;  for  if  the  water, 
acid,  gas,  and  charcoal,  be  collected  and  weighed,  they  will  be  found  exactly  as 
heavy  as  the  piece  of  wood  was  in  the  first  instance. 

When  a  piece  of  sugar  or  of  salt,  is  dissolved  in  water,  though  apparently  de- 
stroyed, it  is  still  sugar,  and  when  the  water  is  boiled  away  the  whole  of  the 
sugar  may  be  recovered  again. 

No  two  atoms  of  matter  are  supposed  to  touch,  or  to  be  in  contact  with  each 
other,  and  the  spaces  which  exist  between  them  are  called  pores.  The  reasons  for 
believing  that  the  atoms  do  not  touch  each  other  are:  No  two  atoms  of  matter 
can  occupy  the  same  space  at  the  same  time,  and  every  form  of  matter  with  which 
we  are  acquainted  can  be  made  to  occupy  a  smaller  space  by  pressure.  Again,  all 
bodies  expand  and  contract  under  the  influence  of  heat  and  cold.  Now  if  the 
atoms  were  absolutely  in  contact,  no  such  movement  could  take  place. 

If  a  copper  ball — of  such  a  size  as  to  exactly  pass  through  an  iron  ring — 
be  heated,  it  will,  as  it  becomes  warm,  dilate  or  expand,  so  that  in  the  course  of  a 
few  minutes,  it  will  no  longer  readily  pass  through  the  ring,  but  if  placed 
thereon,  remain  supported.  While,  under  these  circumstances,  no  visible  change 
has  taken  place  in  the  general  properties  of  the  ball,  its  weight  and  aspect  re- 
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main  the  same.  We  therefore  naturally  conclude  its  volume  has  increased,  because 
we  increased  its  temperature.  In  the  course  of  a  few  moments  the  ball  cools,  and 
spontaneously  drops  through  the  ring.  The  copper  ball  in  cooling  becomes  less; 
its  particles  were  not  touching  each  other,  for  had  they  been  in  contact,  they 
could  not  have  approached  one  another,  and  contraction  could  not  have  taken 

place. 

The  distances  that  part  the  atoms  of  a  given  mass  from  one  another,  are  not 
casual  or  determined  at  random;  their  magnitude  is  perfectly  regulated.  If  we 
mix  exactly  one  ounce  of  alcohol  with  one  ounce  of  water,  the  resulting  mixture 
will  be  considerably  short  of  two  ounces.  We  conclude  then,  that  the  particles 
of  the  denser  fluid  insinuate  themselves  between  the  pores  of  the  rarer,  and  if 
the  mixture  bo  made  gradually,  and  the  vessel  held  to  the  light,  this  may  readily 
bo  detected. 

To  produce  those  results,  two  forces  are  necessary:  L  A  force  of  attraction, 
which  continually  tends  to  draw  the  atoms  closer  together;  and  2.  A  forco  ol 
repulsion,  which  tends  to  remove  them  further  apart.  The  forco  is  known  a.4 
molecular  force,  of  which  there  are  four  varieties  : 

1.  That  force  which  tends  to  hold  together  atoms  of  the  same  kind  of  matter 
(as  wood,  iron,  sugar,  &c,  &c),  is  called  cohesive  attraction,  and  the  atoms  are 
said  to  cohere.  When  the  cohesive  force  of  a  substance  is  once  destroyed,  it  is 
generally  impossible  to  restore  it.  Thus,  having  once  reduced  a  mass  of  wood, 
sugar,  or  marble  to  powder,  we  cannot  make  the  atoms  cohere  by  merely  press- 
ing them  together  again.  Iron,  it  is  true,  may  bo  made  to  cohere  to  iron,  by 
heating  to  a  high  degree  and  hammering  the  pieces  together.  The  particles  are 
thus  driven  into  such  intimate  contact  that  they  cohort*.  This  property  is 
called  welding,  and  only  belongs  to  two  metals,  iron  and  platinum. 

2.  That  force  which  causes  unlike  particles  of  matter  t<>  adhere,  is  called 
adhesive  attraction,  and  such  particles  are  said  to  adhere.  Thus,  if  wo  write  on 
a  piece  of  paper  with  a  pencil,  the  particles  worn  off  of  the  pencil  will  stick  to 
the  paper  and  leave  a  mark  through  the  force  of  the  adhesion.  Two  pieces  of 
wood  may  be  made  to  adhere  by  means  of  glue,  in  conscquenco  of  the  adhesive 
attraction  between  the  particles  of  the  wood  and  the  particles  of  the  glue. 

3.  That  forco  which  exhibits  itself  between  the  surfaces  of  solids  and  liquids 
is  called  capillary  attraction.  The  ordinary  definition  of  capillary  attraction  is, 
"  that  form  of  attraction  which  causes  liquids  to  ascend  above  their  level  in  small 
tubes;"  this,  however,  is  not  strictly  correct,  for  this  forco  not  only  causes  an 
elevation,  but  also  a  depression,  in  small  tubes,  and  in  fact  is  at  work  whenever 
fluids  are  in  contact  with  solids.  Notwithstanding  the  force  which  capillary 
attraction  exerts  to  cause  liquids  to  rise  in  small  tubes,  it  cannot,  of  itself,  estab- 
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lish  a  flowage  or  continuous  current.  Thus,  in  the  case  of  an  oil  lamp,  the  wick 
of  which  may  be  regarded  as  a  bundle  of  capillary  tubes,  so  long  as  the  lamp 
remains  unlighted,  the  wick,  although  full  of  oil,  will  never  overflow;  but  when 
the  lamp  is  lighted,  and  the  oil  burned  off"  from  the  top,  a  current  is  at  once 
established.  The  process  of  filtration  is  the  result  of  capillary  force,  the  pores 
or  interstices  which  exist  between  the  particles  of  the  substance  used  as  a  filter, 
are  really  little  tubes  through  which  the  liquid  passes,  leaving  the  solid  im- 
purities behind. 

When  two  liquids  which  are  capable  of  mixing  with  each  other,  as  alcohol  and 
water,  are  separated  by  a  substance  or  partition  which  is  porous,  each  will  pass 
through  the  partition  in  opposite  directions,  in  order  to  mix  with  each  other; 
the  exchange,  however,  always  takes  place  in  unequal  proportions.  This  phe- 
nomenon is  called  endosmosis.  The  name  Endosmose  (Gr.  to  go  in)  is  applied 
to  the  stronger  current,  because  it  penetrates  into  the  opposite  liquid ;  whilst 
Exosmose  (to  go  out)  is  applied  to  the  weaker  current.  If  some  alcohol  be 
placed  into  a  bladder,  the  neck  of  which  is  tightly  tied,  and  the  bladder  be  sunk 
into  a  vessel  of  water,  the  water  will  pass  into  the  bladder  to  such  an  extent  as 
to  burst  it.  Explanation  :  The  pores  of  the  bladder  are  merely  short  capillary 
tubes,  through  which  the  water  passes  by  the  force  of  capillary  attraction. 

4.  Affinity  is  that  variety  of  molecular  force,  or  attraction,  which  causes 
atoms  of  unlike  substances  to  combine  and  form  new  substances  possessing  new 
and  distinct  properties. 

Common  experience  proving  that  matter  does  not  put  itself  in  motion,  we 
might  be  led  to  suppose  that  rest  is  the  natural  state  of  all  inert  bodies;  but  a 
few  considerations  will  show  that  motion  is  as  much  the  natural  state  of  matter 
as  rest,  and  that  either  state  depends  on  the  resistance  or  impulse  of  external 
causes. 

Upon  the  surface  of  a  basin  of  water,  place  two  little  cork  balls  of  different 
sizes,  whose  surfaces  have  been  covered  with  varnish  or  wax.  When  two  such 
balls  are  placed  two  or  three  inches  apart,  and  not  near  the  sides  of  the  basin, 
they  will  gradually  begin  to  approach  each  other,  until  quite  near,  when  they 
will  rush  together  as  if  they  had  life.  Their  velocities  being  in  proportion  to 
their  sizes,  and  increasing  as  their  distance  diminishes. 

By  attraction,  then,  is  meant  that  property  or  quality  in  the  particles  of 
bodies  which  makes  them  tend  towards  each  other,  and  this  is  called  the  attrac- 
tion of  gravitation.  The  term  gravitation  does  not  here  strictly  refer  to  the 
weight  of  bodies,  but  to  the  attraction  of  masses  of  matter  upwards,  downwards, 
or  horizontally. 

Eecent  investigations  go  to  prove  that  force  is  equally  as  indestructible  as 
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matter,  and  that  the  amount  of  force  in  operation  in  the  earth,  and  in  fact 
throughout  the  universe,  never  varies  in  quantity,  but  remains  always  the  same. 

There  is  a  certain  kind  of  iron  ore  called  the  loadstone  (leadstone),  or  natural 
magnet,  which  when  brought  near  a  piece  of  iron  or  steel,  a  mutual  attraction 
takes  place,  and  which  when  brought  together  will  adhere  to  each  other.  This 
is  called  magnetic  attraction.  When  a  piece  of  iron  or  steel  is  rubbed  with  such 
a  magnet,  the  virtue  of  the  latter  is  communicated  to  the  former,  which  in  turn 
is  called  an  artificial  magnet. 

When  a  piece  of  glass  or  sealing-wax  is  rubbed  on  the  coat-sleeve  or  other  dry 
material,  and  held  near  little  bits  of  paper,  straw,  or  feathers,  these  light  sub- 
stances will  be  attracted  to  the  glass  or  wax.  The  force  which  thus  moves  these 
light  bodies  is  called  electrical  attraction. 

The  attraction  which  the  earth  exerts  on  all  bodies,  is  called  the  attraction  of 
gravity,  and  the  force  with  which  any  substance  is  drawn  downwards,  is  called 
its  weight.  All  falling  bodies  tend  towards  the  centre  of  the  earth.  If  then  a  body 
descends  in  any  part  of  the  earth,  its  lino  of  direction  will  be  perpendicular  to 
the  earth's  surface.  It  follows  then,  that  two  falling  bodies  on  opposite  parts  of 
the  earth,  mutually  fall  towards  each  other.  It  will  be  obvious,  therefore,  that 
what  we  call  up  and  down  are  merely  relative  terms,  and  what  may  be  up  in 
respect  to  us,  is  down  to  those  who  live  on  the  opposite  side  of  the  globe. 

If  a  ball  is  rolled  from  Ihe  top  of  an  inclined  plane,  its  motion  at  first  is  slow 
and  gentle;  but  as  it  proceeds  downwards,  it  moves  with  perpetually  increasing 
velocity,  seeming  to  gather  fresh  speed  at  every  moment.  A  curious  experiment 
to  prove  this,  is  made  in  the  following  manner:  From  a  considerable  elevation, 
a  quantity  of  thick  molasses  is  suffered  to  escape  from  a  large  stop-cock ;  the 
bulky  stream  of  perhaps  one  inch  diameter  where  it  leaves  the  vessel,  as  it 
descends  is  reduced  to  the  size  of  a  straw,  or  smaller,  but  what  it  wants  in  bulk, 
is  made  up  in  velocity,  for  the  small  stream  at  the  bottom  will  fill  a  certain 
measure  just  as  soon  as  the  thick  stream  will  at  the  outlet. 

It  is  still  furthor  proved  by  experiment,  that  any  body  falling  freely,  passes 
through  a  space  of  16  feet  during  the  first  second  of  time;  in  two  seconds  it  will 
pass  through  four  times  16  feet;  and  in  three  seconds  it  will  pass  through  nine 
times  16  feet.  When,  then,  bodies  fall  freely,  as  in  a  vacuum,  they  conform  to 
the  following  rules: 

1.  All  bodies  fall  equally  fast. 

2.  The  velocities  acquired  during  the  fall  are  proportional  to  the  times  occu- 
pied in  falling. 

3.  The  spaces  passed  over  are  proportional  to  the  squares  of  the  times  occu- 
pied in  falling. 
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To  prove  the  first  rule :  Procure  a  glass  tube  5  or  6  feet  long,  and  2  inches 
diameter,  closed  at  both  ends;  in  this  tube  are  placed  a  leaden  ball  and  a  feather. 
If  the  tube  be  suddenly  inverted,  it  will  be  observed  that  the  ball  will  reach  the 
bottom  sooner;  but  if  the  air  be  exhausted  from  the  tube,  then  the  ball  and  the 
feather  will  reach  the  bottom  at  the  same  moment. 

The  second  law  is  in  consequence  of  inertia  and  the  continued  action  of  gravity. 
The  velocity  generated  in  the  first  second,  is  to  be  added  to  that  generated  in 
the  second,  to  obtain  the  velocity  generated  in  two  seconds.  A  body  acquires 
a  velocity  of  32  feet  in  one  second,  it  will  therefore  acquire  a  velocity  of  64  feet 
in  two  seconds,  a  velocity  of  96  feet  in  three  seconds,  and  so  on.  It  must  be  borne 
in  mind  that  this  denotes  how  much  faster  a  body  falls  during  the  second,  third, 
or  fourth  second,  than  it  did  during  the  first  second,  and  is  not  its  actual  velocity. 

To  prove  the  third  law :  Divide  a  smooth  board  into  100  equal  parts,  and  give 
this  board  a  slight  elevation  at  one  end,  so  as  to  form  an  inclined  plane — the 
divisions  beginning  at  the  lower  end;  you  ascertain  by  trial,  at  what  division  a 
small  ball  must  be  placed,  that,  by  rolling  down,  it  will  reach  the  bottom  in  just 
one  second  of  time.  We  will  suppose  this  to  be  the  sixth  division.  Now,  if 
the  ball  be  placed  at  the  24th  (which  is  4  times  the  6th  division),  it  will  reach 
the  bottom  in  two  seconds.  If  placed  at  the  54th  (which  is  9  times  the  6th 
division),  it  will  reach  the  bottom  in  three  seconds,  and  so  on. 

Having  got  the  first  division  (6th)  the  others  are  ascertained  as  follows :  The 
square  of  the  first  second  is  multiplied  by  the  first  division  (6th),  thus  :  1  X  1= 
1  x  6  —  6,  the  first  division ;  2  X  2  =  4  X  6  =  24,  the  second  division ;  3x3  = 
9  x  6  =  54,  the  third  division  ;  &c, 

To  ascertain,  then,  the  velocity  with  which  a  body  falls  in  any  given  time,  we 
must  know  how  many  feet  it  fell  during  the  first  second,  the  velocity  it  acquired, 
and  the  space  fallen  through  during  that  time. 

Experiment:  Here  is  a  very  deep  well,  and  we  have  no  measure  long  enough 
to  reach  the  bottom.  How  shall  we  ascertain  its  depth  ?  Answer :  simply  by 
drojDping  a  stone  into  it.  Let  us  try  this.  The  instant  the  stone  leaves  my 
hand,  time  it,  until  you  hear  it  strike  the  bottom.  Exactly  five  seconds.  Now 
apply  the  rule  :  Eeduce  the  given  time  (five  seconds)  to  seconds  (5) ;  take  the 
square  of  that  time,  and  multiply  that  by  the  space  the  stone  fell  during  the  first 
second  (16  feet).  Thus:  5  x  5  =  25  (the  square  of  5)  which  being  multiplied  by 
16  feet  gives  400  feet,  the  depth  of  the  well.  The  difficulty  of  calculating  the 
exact  velocity  of  a  falling  body,  owing  to  the  resistance  of  the  air,  and  the  time 
taken  for  the  striking  of  the  stone  on  the  bottom  of  the  well,  to  reach  the  ear, 
is  so  great  that  no  very  accurate  computation  could  be  made  from  such  an  ex- 
periment. 
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I  have  stated,  in  the  first  rule,  that  all  bodies  fall  equally  fast.  This  is  true 
in  theory  and  in  vacuum ;  but,  owing  to  the  resistance  of  the  air,  only  the 
denser  body  has  the*  advantage.  To  comprehend  this,  it  is  only  necessary  to 
consider  that  the  attraction  of  gravitation  in  acting  on  a  mass,  acts  on  every 
atom  it  contains  alike,  and  thus  every  particle  is  drawn  down  equally.  A  ball 
of  lead,  one  foot  in  diameter,  and  one  of  wood,  of  the  same  diameter,  are  ob- 
viously equal  in  bulk,  but  the  lead  being  denser,  contains,  say  twelve  particles  of 
matter  where  the  wood  contains  only  one,  and,  consequently,  will  be  attracted 
with  twelve  times  the  force,  and  will,  therefore,  as  the  saying  is,  weigh  twelve 
times  as  much. 

What  has  been  stated  in  respect  to  falling  bodies  is  reversed  in  respect  to 
those  which  are  thrown  upwards,  for,  as  the  motion  of  a  falling  body  is  increased 
by  the  action  of  gravitation,  so  is  it  retarded  by  the  same  force  when  projected 
from  the  centre  of  gravity. 

All  bodies,  when  once  set  in  motion,  will  continue  to  move  in  a  straight  line, 
until  turned  aside  or  stopped ;  continued  motion,  without  impediment,  being  a 
natural  consequence  of  the  inertia  of  matter.  Inertia,  then,  is  the  absence  of 
power,  in  a  body  at  rest,  to  sot  itself  in  motion,  or  vice  versa.  If  a  body  at  rest 
has  no  power  to  sot  itself  in  motion,  then  it  follows  that 

1  '  Yta.  I. 

a  body  in  motion  will  have  no  power  to  stop  nor  change 
its  direction  of  motion.   Compound  motion  is  produced      p  "fo 
by  two  or  more  forces  acting  in  differont  directions  on  a 
body  at  the  same  time. 

Suppose  a  ball,  A  (Fig.  1),  be  moving  with  a  certain 
velocity  in  the  direction  B  to  C,  and  suppose  when  at 
the  instant  it  came  to  the  point  A,  it  should  he  struck 
with  an  equal  force  in  the  direction  D  to  10,  then,  as  it  cannot  obej  both  of  these 
forces,  it  will  take  a  course  intermediate  between  f...  2 

them,  as  shown  by  the  dotted  lino  A  G. 

Circular  motion  is  that  of  a  body  in  a  circle, 
and  is  produced  by  the  action  of  two  forces.  By 
one  of  these  forces,  the  moving  body  tends  to 
continuo  in  a  straight  line;  while  by  tho  other 
it  is  drawn  towards  tho  centre,  and  thus  it  is 
made  to  revolve  or  move  round  in  a  circle. 

Suppose  a  ball,  A  (Fig.  2),  tied  with  a  string 
to  a  pin  at  S,  and  suppose  an  attempt  bo  made 
to  drive  the  ball  from  A  to  B,  it  is  obvious  that 
the  string  would  prevent  it  going  to  that  point,  and  would  keep  it  in  a  circle. 
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To  account  for  the  motions  of  the  planets  in  their  orbits  :  Let  A  represent 
the  earth,  hurled  into  space  in  the  direction  A  B;  but  at  the  point  A,  the 
attraction  of  the  sun,  S,  acts  upon  the  earth  with  a  force  which  would  have 
drawn  it  to  C  at  the  same  time  that  it  would  have  reached  the  point  B;  then 
the  earth  instead  of  proceeding  to  B  in  a  straight  line,  would  be  drawn  down  to 
D,  the  diagonal  of  the  parallelogram  A  B  C  D ;  this  line  would  have  been 
straight,  but  owing  to  the  continued  force  of  the  sun's  attraction,  it  produces  a 
constant  deviation  from  a  right  line;  thus  when  the  earth  arrives  at  D,  still 
retaining  its  projectile  or  centrifugal  force,  its  line  would  be  to  N,  but  on  its 
passage  to  N  it  is  still  drawn  towards  the  sun  sufficient  to  bring  it  to  O ;  from 
O  downwards  the  same  law  keeps  in  force;  thus,  it  describes  a  circle.  That 
force  of  the  sun  which  tends  to  draw  the  earth  towards  it,  is  called  the  centripe- 
tal force. 

In  the  above  explanation  it  has  been  supposed  that  the  sun's  attraction,  which 
constitutes  the  earth's  gravity,  was  at  all  times  equal,  or,  that  the  earth  was 
at  an  equal  distance  from  the  sun  in  all  parts  of  its  orbit;  but  the  orbits  of  all 
the  planets  are  elliptical,  the  sun  being  placed  in  one  of  the  foci  of  the  ellipse. 
The  sun's  attraction  is,  therefore,  stronger  in  some  parts  of  their  orbits  than 

in  others,  and  for  this  reason  their  velocities  are 
greater  at  some  periods  of  their  revolutions  than  at 
others. 

It  is  a  curious  circumstance  that  if  the  contents 
of  the  orbits  of  the  planets,  be  divided  into  unequal 
triangles,  the  acute  angles  of  which  centre  at  the  sun, 
with  the  line  of  orbit  for  the  bases,  the  planets  will 
pass  through  each  of  these  bases  in  equal  times. 

The  spaces  1,  2,  3,  4,  &c.  (Fig.  3),  though  of  dif- 
ferent shapes,  are  precisely  of  the  same  areas.  If  the 
orbit  then  be  divided  into  twelve  parts,  answering  to 
the  twelve  months  of  the  year,  the  earth  will  pass 
through  the  same  areas  in  every  month,  but  the 
spaces  through  w^hich  it  passes  will  be  increased 
during  every  month  for  one-half  of  the  year,  and  diminished  during  every 
month  the  other  half. 


Fig.  3. 
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SOMETHING,  THOUGH  NOT  MUCH,  ABOUT 

HYDROSTATICS. 

Hydrostatics  is  that  science  which  treats  of  the  weight,  pressure,  and  equi- 
librium of  liquids. 

A  fluid  is  a  substance  whose  particles  are  easily  moved  among  each  other;  as 
air  and  water. 

An  elastic  fluid  is  one  which  is  easily  compressible  ;  as  air,  steam,  gas,  &c. 

A  non-elastic  fluid  is  one  which  is  not  (or  to  a  very  slight  degree)  compressible ; 
as  water,  mercury,  &c.  Both  terms,  fluids  and  liquids,  are  used,  but  fluids  is 
more  properly  applied  to  bodies,  such  as  electricity,  magnetism,  &c,  whilst  liquids 
is  applied  to  water,  and  the  like. 

The  molecules  of  liquids  are  extremely  movable,  yielding  to  the  slightest  force; 
there  is  very  little  cohesion  between  their  molecules. 

When  particles  of  a  fluid  are  left  to  arrange  themselves  according  to  the  laws 
of  gravitation  or  attraction,  the  bodies  which  they  form  assume  the  shape  of  a 
globe  or  ball.  Thus,  drops  of  water  on  oil  or  wax,  globules  of  mercury,  rain, 
hailstones,  tears,  dew,  &c,  &c,  are  all  examples  of  this  law. 

To  account  for  this,  we  havo  only  to  assumo  that  the  particles  of  matter  are 
mutually  attracted  towards  a  common  centre,  and  in  liquids,  being  free  to  move, 
they  arrange  themselves  accordingly. 

The  particles  of  a  fluid  when  confined,  press  on  the  vessel  which  confines  them, 
in  all  directions,  namely :  upwards,  downwards,  and  sideways.  _ 
From  this  property  of  fluids,  together  with  their  weight,  very 
unexpected  and  surprising  effects  aro  produced. 

1.  A  quantity  of  water  however  small,  will  balance  another 
quantity  however  great  (this  will  not  take  place  in  a  balance,  the 
application  being  different).  Suppose-  a  cistern  A  (Fig.  4),  capa- 
ble of  holding  100  gallons,  have  fitted  in  the  bottom  a  bent  tube, 
B,  Capable  of  holding  one  gallon.  Now  if  100  gallons  of  water 
be  poured  in  the  cistern  until  it  reach  the  point  A,  it  will  be  found 
to  rise  exactly  tho  same  height  in  the  tube  B,  which,  containing  only  one  gallon, 
absolutely  balances  the  100  gallons  in  the  cistern.  From  this  we  learn  that  tho 
pressure  of  a  liquid  is  not  in  proportion  to  its  quantity,  but  to  its  height,  and 
that  a  large  quantity  of  water  in  an  open  vessel  presses  with  no  more  force  than 
a  smaller  quantity  of  the  same  hoight. 
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This  principle  is  illustrated  in  a  very  striking  manner  by  the  bursting  of  a 
powerful  wine  cask,  with  only  a  few  ounces  of  water.  Screw  into  the  head  of 
a  wine  cask,  filled  with  water,  an  iron  pipe,  half-inch  in 
diameter  and  30  or  40  feet  long,  capable  of  containing 
several  ounces  of  water.  When  the  water  is  poured 
into  the  tube,  so  as  to  fill  it  gradually,  the  cask  will 
show  increasing  signs  of  pressure,  until  finally  it  will  be 
burst  asunder ;  and  if  a  small  stop-cock  be  fitted  in  the 
head,  and  opened  when  the  cask  exhibits  the  pressure, 
the  water  will  spurt  up  with  a  force  and  to  a  height 
that  will  astonish  all  those  who  have  never  seen  such 
an  experiment.  In  addition  to  the  above  proofs  my 
space  only  allows  me  to  add  the  following,  perhaps  the 
most  satisfactory  of  all. 

Let  B  (Fig.  6)  represent  a  glass  tube,  filled  with  mer- 
cury up  to  the  dotted  line  A  0.    Let  DEFG  represent 

little  glass  vessels  of  dif- 
ferent capacities,  fitting 
the   extremities   of  the 
tube  B.    The  vessel  D  is 
now  fitted  on,  and  water 
poured  in  until  it  reaches 
the  point  h.    The  mer- 
cury will  rise,  by  the 
pressure  of  the  water,  up 
in  the  tube  G  to  the  same 
level  as  in  D.    l$ow  remove  D  and.  affix,  in  turn,  E  and 
F,  and  pour  in  water  as  before ;  in  each  case  the  height 
of  the  water  (notwithstanding  the  great  difference  in 
the  capacity  of  the  vessels)  will  force  the  mercury  to 
exactly  the  same  elevation. 

We  have  seen  that  in  whatever  situation  water  is 
placed,  it  always  seeks  its  level.  It  is  on  these  princi- 
ples that  the  instrument  called  water  or  spirit  level  is 
constructed. 

The  upward  pressure  of  liquids  is  demonstrated  by  the 
following  apparatus :  A  glass  tube,  D  (Fig.  7),  open  at 
both  ends,  is  provided  with  a  disk,  A  (of  any  convenient 
material),  which  may  be  held  to  the  bottom  of  the  tube  by  means  of  a  string,  B. 
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This  is  let  down  into  a  vessel  of  water.  In  this  state  the  disk  A,  though  heavier 
than  the  water,  does  not  fall  to  the  bottom,  being  held  in  its  place,  not  by  the 
string,  but  by  the  upward  pressure  of  the  water.  Now,  pour  water  gently  into 
the  tube  D,  the  disk  will  continue  to  adhere  until  the  water  in  the  tube  rises  to 
the  exact  height  of  that  in  the  vessel.  The  least  addition  more  and  the  disk 
gives  way  and  sinks  to  the  bottom. 

If  a  body  be  submerged  in  a  fluid,  it  will  be  pressed  in  all  directions,  but  not 
equally  so.  Suppose  a  cube  to  be  immersed  in  water,  the 
side  faces  will  be  equally  pressed  in  opposite  directions; 
hence,  the  horizontal  pressures  will  exactly  neutralize  each 
other.  Now,  the  upper  and  lower  surfaces,  A  and  B,  will  also 
be  pressed  in  an  opposite  direction,  but  (as  before  stated) 
not  equally  so;  because  the  upper  surface  will  be  pressed 
downwards  by  a  force  equal  to  the  weight  of  a  column  of 
water,  whose  cross  section  is  that  of  the  cube,  and  whose 
height  is  the  distance  of  the  top  of  the  cube  to  the  surface  of 
the  water,  D,  in  the  vessel  (Fig.  8).  But  the  under  surface 
will  be  pressed  upwards  by  a  force  equal  to  the  same  cross 
section,  and  whose  height  is  equal  to  the  distance  of  the 
under  surface  to  the  surface  of  the  water.  This  upward 
pressure  is  called  the  buoyant  effect.  From  this  we  deduce  that :  A  submerged 
body  loses  a  portion  of  its  weight  equal  to  that  of  the  fluid  displaced  by  it. 
This  is  called  the  principle  of  Archimedes. 

Take  a  ball  of  ivory,  lead,  or  gold,  D  (Fig.  9), 
or  any  other  substance  which  will  sink  in  water, 
and  suspend  it  by  a  hair,  or  fine  thread,  to  the 
bottom  of  the  scale-pan  E,  in  an  empty  vessel,  A 
B.  Now,  weigh  this  very  accurately;  next  pour 
water  into  the  vessel,  when  it  will  bo  found  that 
the  suspended  ball  will  lose  a  portion  of  its  weight, 
so  that  a  number  of  grains  must  be  taken  from 
the  pan  C,  to  restore  the  balance.  The  num- 
ber of  grains  taken  from  the  pan  C,  will  show 
the  loss  of  weight  whilst  in  the  water.  It  is  on 
this  principle,  by  comparing  the  weight  of  bodies  in  water,  to  their  weight 
out  of  water,  that  their 

SPECIFIC  GRAVITY 

Is  determined.  Thus,  suppose  a  cubic  inch  of  gold  weighs  19  ounces,  and  in 
water  weighs  18  ounces,  it  evidently  loses  one  nineteenth  of  its  weight,  and  thus 
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19  would  be  the  specific  gravity  of  gold.  But  if  the  body  weighs  less  than  water, 
so  as  to  float  on  its  surface,  the  weight  must  be  added  to  the  body  so  as  just  to 
sink  it.  This  was  called  the  principle  of  Archimedes,  because  it  was  first  dis- 
covered by  that  illustrious  philosopher  in  the  following  manner :  Hiero  II,  king 
of  Syracuse,  had  given  a  certain  quantity  of  gold  to  a  goldsmith,  for  the  manu- 
facture of  a  crown,  and  suspecting  that  the  artisan  had  mixed  a  portion  of  silver 
with  the  gold  to  defraud  him,  the  king  took  the  crown  to  Archimedes,  who  at 
first  was  sorely  puzzled  with  the  problem  before  him.  One  day,  taking  a  bath, 
the  philosopher  noticing  the  difference  in  weight  of  his  body  out  of  the  water 
and  in  it,  the  solution  flashed  suddenly  to  his  mind,  and  so  great  was  his  excite- 
ment, that  he  leaped  from  his  bath,  and  running  naked  through  the  streets,  cried 
out,  "  Eureka !    Eureka ! !  " 

via.  10.  THE  HYDKOMETEE 

Is  an  instrument  by  which  the  specific  gravity  of  liquids  is  ascer- 
tained. Suppose  a  cubic  inch  of  lead  loses  253  grains  when  weighed 
in  water,  but  if  the  experiment  be  tried  in  alcohol,  it  loses  but  209 
grains.  The  alcohol,  it  is  said,  has  a  specific  gravity  nearly  one 
fourth  less  than  water.  It  is  on  this  principle,  that  the  hydrometer 
js  constructed.  It  consists  of  a  ball  of  glass,  A  (Fig.  10),  ballasted 
at  the  bottom  by  a  second  ball  containing  mercury,  and  termin- 
ating at  the  top  in  a  thin  stem  of  glass.  When  plunged  into  liquids 
it  sinks,  until  the  weight  of  the  displaced  fluid  equals  that  of  the 
instrument. 

THE  SYPHON 


Fig.  11. 


Is  an  instrument  for  drawing  off  water  or  liquids  from  heavy  vessels,  which  are 
inconvenient  to  lift  or  handle.  It  consists  of  a  tube  with  legs  of  unequal  length 
(Fig.  11).  This  is  filled  with  the  liquid  to  be  drawn  off,  and  with 
a  finger  on  each  end,  the  shorter  leg  is  plunged  into  the  vessel  to 
be  emptied.  The  fingers  are  then  removed,  when  the  liquid  will 
instantly  begin  to  flow  out  of  the  longer  leg,  until  the  vessel  is 
emptied.  Such  a  tube  is  called  a  syphon.  The  reason  why  the 
water  flows  from  the  longer  leg  is,  that  there  is  a  greater  weight 
of  water  from  the  bend  of  the  tube  to  the  end  of  the  longer  leg, 
than  to  the  end  of  the  shorter  leg.  Now,  when  the  finger  is  removed  from  the 
longer  leg,  the  water  falls  out  by  its  weight,  and,  in  escaping,  goes  to  form  a 
vacuum  above  it,  which  is  instantly  filled  by  the  atmosphere  pressing  on  the 
surface  of  the  water  in  the  vessel,  thus  forcing  it  up  the  shorter  leg. 
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THE  HYDRAULIC  RAM 


Is  the  invention  of  a  Frenchman,  M.  Montgolfier,  the  same  who  first  ascended 
in  a  balloon.  This  very  beautiful  and  useful  invention  is  constructed  and 
applied  as  follows  :  A  pipe,  A  (Fig.  12),  coming  from  a  spring  or  reservoir,  a  few 
feet  higher  than  the  horizontal  line,  conveys  a  constant  stream  of  water.  At 
the  termination  of  this  pipe  is  a  valve,  C,  called  the  spindle  valve,  capable  of 
closing  its  orifice  when  drawn  upwards. 
The  outer  end  of  the  spindle,  attached 
to  this  valve,  is  arranged  so  that  it  may 
be  loaded,  according  to  the  pressure  of 
the  stream;  t.  e.,  the  weight  must  be  just 
sufficient  to  rise  by  the  force  of  the 
stream,  and  sink  again  when  the  water 
ceases  to  flow.  Water  in  motion  (like 
any  solid  body),  acquires  a  momentum 
in  proportion  to  the  length  of  the 
column  and  height  of  tho  source.  When 
the  valve  drops  down,  all  tho  water  in  tho  pipe  instantly  moves  forward,  to 
supply  tho  place  of  that  which  has  escaped.  If  the  pipe  is  very  long,  and  the 
source  of  supply  very  high,  tho  pipe  would  be  burst  asunder,  as  explained  in 
the  bursting  of  a  wine  cask  supplied  with  a- long  pipe  (sec  page  18),  if  the 
stream  were  suddenly  interrupted.  Therefore,  another  valve,  I>,  is  provided, 
which  opens  upward  into  tho  air  chamber,  having  a  diseharge  pipe,  E.  Its 
action  is  as  follows:  Tho  stream  of  Water  rushing  down  closes  the  spindle  valve, 
when  instantly  tho  whole  stream  is  thrown  against  the  valve  D,  which  opening 
allows  tho  water  to  pass  into  the  air  chamber,  and  out  at  the  diseharge  pipe. 
The  strain  being  for  the  moment  checked,  the  spindle  descends  (if  its  own  weight, 
and  allows  the  water  to  escape.  At  tho  same  time  the  air  valve  I>,  also  descends 
and  prevents  the  return  of  the  water  forced  into  the  air  chamber;  the  stream 
thus  being  at  liberty  instantly  begins  to  rush  down  again,  when  the  whole  action 
is  repeated.  With  this  curious  little  machine,  well  constructed-,  the  mosf  effi- 
cient, cheap,  and  convenient  means  is  at  hand  lor  raising  water  ever  invented. 
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SOMETHING,  THOUGH  NOT  MUCH,  ABOUT 

PNEUMATICS. 

The  term  Pneumatics  is  derived  from  the  Greek  pneuma,  which  signifies 
breath  or  air. 

I  have  previously  stated  that  there  were  two  kinds  of  fluids,  Elastic  and 
Non-elastic.  Pneumatics  treats  of  the  former,  such  as  air  and  gases;  whilst 
liquids  generally  come  under  the  head  of  hydrostatics. 

Besides  the  property  of  compressibility,  or  rather  as  a  consequence  of  it,  gases 
and  vapors  continually  tend  to  expand,  so  as  to  occupy  a  greater  space.  This 
is  called  their  elastic  force. 

There  are  thirty-four  gases  knowTn,  of  which  thirty  are  compound  and  four 
simple.  The  four  simple  gases  are :  Oxygen,  hydrogen,  nitrogen,  and  chlorine. 
Most  of  the  gases  are  colorless,  and  all  but  five  have  been  liquefied  by  pressure 
and  the  application  of  cold.  The  five  that  have  thus  far  resisted  are:  Oxygen, 
hydrogen,  nitrogen,  deutoxyd  of  nitrogen,  and  carbonic  oxyd.  The  air  we 
breathe  is  a  mixture  of  oxygen  and  nitrogen,  in  the  proportion  of  21  volumes 
of  the  former  to  79  of  the  latter. 

Although  the  atmosphere  is  transparent  and  colorless,  yet  without  it  the 
celestial  vault  would  appear  perfectly  black.  The  air,  by  virtue  of  its  elasticity, 
serves  as  a  medium  for  the  transmission  of  sound.  Air,  like  the  gases,  always 
tends  to  assume  a  greater  volume.  It  is  a  general  principle  in  Pneumatics  that 
air  is  compressible  in  proportion  to  the  force  used.  Air,  like 
other  bodies,  has  weight,  for  if  the  air  be  pumped  out  of  a 
close  vessel  and  then  the  vessel  be  weighed,  it  will  be  found 
to  weigh  more  after  the  air  is  again  admitted.  It  is,  how- 
ever, the  weight  or  pressure  of  the  atmosphere  which  presses 
on  everything  and  every  part  of  the  earth,  that  here  particu- 
larly claims  our  attention. 

If  a  piston,  A  (Fig.  13),  provided  with  a  rod,  working  air- 
tight in  a  cylinder  with  a  stopcock  at  its  lower  extremity, 
be  raised  to  the  top  of  the  cylinder,  and  the  air  pumped  out 
through  the  cock  B,  the  air  on  the  piston  will  cause  it  to  de- 
scend to  the  bottom  of  the  cylinder.  If  now,  the  cock  be 
closed,  any  attempt  to  raise  the  piston  will  be  attended  with  considerable  resist- 
ance, according  to  the  area  of  the  piston.   When  the  piston  is  drawn  to  the  top 
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of  the  cylinder,  the  stop-cock  being  kept  closed  meanwhile,  the  space  below  the 
piston  will  be  a  vacuum,  and  if  the  piston  be  suffered  to  escape,  it  will  be  forced 
down  to  the  bottom  of  the  cylinder  with  great  violence.  But  if  when  the  piston  is 
at  the  top  of  the  cylinder,  the  cock  be  suddenly  opened,  the  air  will  rush  in 
violently,  until  the  equilibrium  of  the  air  outside  and  that  inside  the  cylinder  is 
restored.  At  this  moment,  if  the  cock  be  closed,  the  piston  will  not  be  forced 
back;  on  the  contrary,  in  attempting  to  force  it  back  we  meet  with  an  increased 
resistance  as  it  descends.  If  it  be  now  suddenly  released,  it  will  fly  upwards, 
as  if  sent  up  by  a  spring,  owing  to  the  elasticity  of  the  air.  By  accurate  ex- 
periments, it  is  found  that  the  weight  of  the  atmosphere,  on  every  square  inch 
at  the  surface  of  the  earth,  is  equal  to  15  pounds;  so  that  if  the  piston  be  one 
foot  diameter,  its  area  would  be  113  square  inches,  which  being  multiplied  by 
15,  gives  1695  pounds,  the  amount  of  which  must  be  overcome  to  lift  the  piston. 
I  have  shown  that  fluids,  like  water,  press  in  every  direction ;  the  same  is 
easily  shown  of  the  air. 

Koversing  the  apparatus  used  in  the  last  experiment,  we  attach  a  weight  to 
the  piston-rod  which  now  rests  on  the  rim  of  the  cylinder  A  (Fig.  14).  If  we 
commence  pumping  out  the  air  through  the  stop-cock  we  Fl ,.  u 

form  a  vacuum  in  the  upper  part,  B,  and  the  upward  pressure 


of  the  atmosphero  on  the  piston,  meeting  with  no  resistance,   ^j— 

fio  15       forces  the  piston  and  weight  up  to  the  top  of  the 
cylinder. 

Experiment:  If  a  withered  apple  be  placed  under  A 
the  receiver  of  an  air-pump,  and  the  air  exhausted, 
the  apple  will  swell  and  become  plump,  in  con- 
sequence of  the  expansion  of  the  air  contained  in 
the  apple.  Ether  placed  in  the  same  situation, 
soon  boils  without  the  influence  of  heat;  because 
its  particles,  not  having  the  pressure  of  the  atmos- 
phere to  force  them  together,  fly  off  with  suc  h  rapidity  as  to  produce 
ebullition.  A  bladder  partly  filled  with  air,  in  the  same  situation,  will 
gradually  expand,  until  it  will  finally  burst  with  great  violence.  A 
bell  made  to  ring  by  means  of  clock-work,  in  the  same  situation,  will 
gradually  grow  fainter  as  the  air  is  exhausted,  until  it  finally  ceases 
■    to  bo  heard. 

Suppose  a  tube,  A  B  (Fig.  15),  fitted  with  an  air-tight  piston,  to  be 
^^^V     about  40  feet  Long,  and  having  it^  Lower  extremity  plunged  under 
water;  now,  when  the  piston  is  gradually  drawn  up,  the  pressure  of  the  air  on 
the  surface  of  the  water  at  B  will,  as  the  piston  is  raised,  force  the  water  up 


24 


THE  SKYLIGHT  AND   THE  DARK-ROOM. 


in  the  tube.  The  water  will  continue  to  rise  and  follow  the  piston  until  it 
arrives  at  the  height  of  about  33  feet,  where  it  will  rise  no  higher.  If  the 
piston  be  drawn  up  still  higher,  the  water  will  cease  to  follow  it,  but  will 
remain  stationary ;  the  space  from  this  height,  between  the  water  and  the  piston, 
being  left  void,  becomes  a  vacuum.  The  rising  of  the  water,  in  this  instance, 
is  supposed,  by  the  vulgar,  to  be  suction,  the  piston  sucking  up  the  water.  Ac- 
cording to  this,  then,  there  is  no  reason  why  the  water  should  not  continue  to 
rise  above  33  feet ;  nor  why  the  power  of  suction  (! )  should  cease  at  this  point. 
Without  entering  into  any  discussion  on  this  absurd  notion,  it  is  merely  neces- 
sary to  state  that  the  weight  of  this  column  of  water  is  just  balanced  by  the 
weight  of  the  atmosphere  on  that  portion  of  the  water  which  is  on  the  outside 
of  the  tube.  Thus  we  say :  the  weight  or  pressure  of  the  atmosphere  is  equal 
to  a  perpendicular  column  of  water  33  feet  high. 

Mercury  has  a  specific  gravity  of  about  13J  times  greater  than  that  of  water, 
and  it  is  found  that  mercury  rises  about  29  inches  in  a  tube  under  the  same 
circumstances  that  water  rises  33  feet.  Now,  33  feet  is  396  inches,  which  being 
divided  by  29  inches,  the  height  mercury  rises  in  the  tube,  gives  nearly  13s  inches  j 
so  that  mercury  being  13£  times  heavier  than  water,  the  water  will  rise,  under 
the  same  pressure,  13£  times  higher  or  33  feet,  and  a  column  of  water  1  inch 
square  and  33  feet  high,  weighs  nearly  15  pounds. 

THE  BAEOMETEK. 

The  word  barometer  is  a  compound  of  two  Greek  words,  baros,  weight,  and 
metron,  measure. 

Experiment:  Take  a  glass  tube,  36  inches  long,  closed  at  one  end,  fill  it  with 
mercury,  then  hold  the  finger  over  the  open  end,  invert  it,  and  dip  the  end  held 
by  the  finger  in  a  vessel  of  mercury.  Upon  removing  the  finger,  the  mercury 
will  sink  in  the  tube  until  the  column  stands  at  about  29  inches,  when  it  comes 
to  a  state  of  equilibrium.  Now,  the  weight  of  30  inches  (cubic)  of  mercury  is 
a  trifle  less  than  15  pounds,  hence  we  say  :  The  pressure  of  the  atmosphere  is 
15  pounds  on  each  square  inch.  If  we  suppose  the  atmosphere  to  be  divided  into 
layers,  parallel  to  the  earth's  surface,  it  is  evident  that  each  layer  is  pressed  down 
by  the  weight  of  all  the  others  above  it.  Hence  the  higher  layers  are  less  com- 
pressed, and  consequently  expand  or  become  rarefied.  The  mercury  in  the, 
barometer  tube  being  sustained  by  the  pressure  of  the  atmosphere,  and  its  medium 
altitude  at  the  surface  of  the  earth  being  from  29  to  30  inches,  we  are  led  to  sup- 
pose that  if  we  go  to  the  top  of  a  very  high  mountain,  or  .ascend  to  a  great 
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height  in  a  balloon,  the  mercury  would  suffer  a  proportionate  fall,  because  the 
pressure  must  be  less  at  that  distance;  experiment  proves  this  supposition  to 
be  true.  Thus  on  the  top  of  Mont  Blanc  (which  is  16,000  feet  high),  the  mercury 
stands  at  only  14  inches.  It  has  been  estimated,  that  at  the  height  of  15  miles 
the  mercury  sinks  to  less  than  half  an  inch,  while  the  cold  is  equal  to  2-40  degrees 
below  zero  of  Fahrenheit. 

While  the  barometer  stands  in  any  place,  not  very  far  above  the  level  of  the  sea, 
the  mercury  seldom  or  never  falls  below  28  inches,  nor  rises  above  31  inches;  its 
whole  range,  then,  is  about  3  inches.  The  changes  of  the  weight  of  the  atmos- 
phere indicate  corresponding  changes  in  the  weather ;  for  it  is  found  by  watching 
these  variations  that  when  the  mercury  falls  the  weather  becomes  stormy,  and 
during  fine  weather  it  rises  During  very  damp  and  foggy  weather,  and  when 
smoke  descends  from  the  chimneys  to  the  ground,  the  mercury  is  depressed, 
indicating  that  the  weight  of  the  atmosphere  is  less  than  in  fine  weather.  This 
contradicts,  then,  the  vulgar  idea  that  the  air  is  heavier  when  it  contains  a  quan- 
tity of  fog  and  smoke.  Common  observation  ought  to  correct  this  error,  for  it 
has  been  shown  that  a  heavy  body  will  sink  in  water,  while  a  light  one  will 
float;  therefore,  the  heavy  particles  of  vapor  or  fog  would  descend  through  a 
light  atmosphere. 

The  principal  use  of  the  barometer,  however,  is  on  board  of  ships  at  sea,  where 
it  is  employed  to  indicate  the  approach  of  storms.  The  watchful  captain,  par- 
ticularly in  southern  latitudes,  is  always  attentive  to  tliis  monitor.  I  cannot 
illustrate  the  use  of  this  instrument  at  sea  better  than  to  give  the  following 
extract  from  Dr.  Arnott.  "  It  was,"  said  he,  "  in  a  souther!)  latitude,  the  sun  had 
just  set  with  a  placid  appearance,  closing  a  beautiful  afternoon,  and  the  usual 
mirth  of  the  evening  watch  proceeded  ;  when  suddenly  the  captain's  orders  came  ( 
to  prepare  with  all  haste  for  a  storm.  The  barometer  had  begun  to  fall  with 
frightful  rapidity.  As  yet,  the  oldest  sailor  had  failed  to  perceive  even  a  threat- 
ening in  the  sky,  and  all  were  surprised  at  the  extent  and  hurry  of  the  prepa- 
rations. But  the  required  measures  were  not  completed  when  a  more  awful 
hurricane  burst  upon  us  than  the  most  experieneed  had  ever  braved;  nothing 
eould  withstand  it;  the  sails,  already  furled  and  closely  bound  to  the  yards, 
were  riven  into  tatters;  evon  the  bare  yards  and  masts  were  in  a  measure  dis- 
abled, and  at  one  time  the  whole  rigging  had  nearly  gone  by  the  board.  Such, 
for  a  few  hours,  was  the  mingled  roar  of  the  hurricane  above,  of  the  waves 
around,  and  the  incessant  peals  of  thunder,  that  no  human  voice  could  bo  heard, 
and  amidst  the  general  consternation  oven  the  speaking  trumpet  sounded  in 
vain.    On  that  awful  night,  but  for  a  little  tube  of  mercury  which  had  given 
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the  warning,  neither  the  strength  of  the  ship,  nor  the  skill  and  energies  of  her 
commander,  could  have  saved  one  man  to  tell  the  tale." 


SOMETHING,  THOUGH  NOT  MUCH,  ABOUT 

ACOUSTICS. 

Acoustics  is  that  branch  of  physics  which  treats  of  the  laws  of  generation 
and  propagation  of  sound. 

Sound  is  a  motion  of  matter  capable  of  affecting  the  ear  with  a  sensation 
peculiar  to  that  organ. 

The  cause  of  sound  is  a  vibration  of  some  body  and  is  transmitted  by  suc- 
cessive vibrations  to  the  ear. 

A  sonorous  body  is  one  that  originates  the  vibration. 

A  medium  is  a  body  which  transmits  sounds.  The  principal  media  of  sound 
are  the  atmosphere,  wood,  the  metals,  water,  &c,  &c. 

If  a  lightly  stretched  elastic  cord,  such  as  the  string  of  a  violin  or  of  a  guitar, 
is  drawn  from  its  position,  every  portion  of  the  cord  is  also  drawn  from  its  posi- 
tion of  equilibrium,  and  when  it  is  suffered  to  escape,  it  tends,  by  virtue  of  its 
elasticity,  to  return  to  its  primitive  state.  But  in  returning,  it  does  so  with  a 
velocity  that  carries  it  beyond  that  position  j  and  in  returning  again,  it  is  again 
^  carried  beyond  its  primitive  position.  Thus,  it  keeps  on  vibrating,  backward 
and  forward,  until  after  a  number  of  vibrations  it  at  length  comes  to  rest.  These 
vibrations  are  a  cause  of  sound  which  may  reach  the  ear  through  the  atmos- 
phere. These  oscillations  are  too  rapid  to  be  counted,  or  even  seen  distinctly ; 
they  may,  however,  be  made  manifest  to  the  eye  in  several  ways. 

The  vibrations  of  a  sonorous  bod}7  give  rise  to  corresponding  vibrations  in  the 
surrounding  air,  which  are  transmitted  by  a  succession  of  condensations  and 
rarefactions  until  they  reach  the  tympanum  or  drum  of  the  ear,  whence  they 
are  transmitted,  by  a  very  complex  mechanism,  to  the  auditory  nerve,  and  so 
to  the  sensorium  or  seat  of  sensation.  The  aerial  vibrations  emanating  from  a 
sonorous  body  spread  outward  in  successive  spheres;  hence,  sound  is  transmitted 
in  all  directions.  Some  idea  of  the  successive  spheres  or  undulations  may  be 
seen  by  dropping  a  stone  into  the  middle  of  a  pond  of  water  and  noticing  the 
successive  waves  as  they  follow  each  other  to  the  shore. 


ON  A  CO  US  TICS. 


27 


It  is  to  be  remarked  that  many  sounds  may  be  transmitted  through  the  air 
simultaneously,  and  may  cross  each  other  without  interference  or  modification. 
Thus,  in  listening  to  a  concert  of  many  instruments,  a  practiced  ear  can  detect 
the  particular  sound  of  each  instrument. 

Two  sound  waves  may,  however,  under  certain  circumstances,  neutralize  each 
other,  and  produce  silence.  Take  two  tuning-forks  of  the  same  note,  and  fasten 
by  a  little  sealing-wax  on  one  prong  of  each  a  disk  of  cardboard,  half 
an  inch  in  diameter,  as  seen  in  Fig.  16.  Make  one  of  the  forks  a  little 
heavier  than  the  other,  by  putting  on  the  end  of  it  a  drop  of  wax ; 
then  take  a  glass  jar,  about  two  inches  in  diameter  and  eight  or  ten 
inches  long,  and  having  made  one  of  the  forks  vibrate,  hold  it  over 
the  mouth  of  the  jar,  as  seen  in  the  figure,  its  piece  of  cardboard  being 
downward;  commence  pouring  water  into  the  jar,  and  the  sound  will 
be  greatly  reinforced.  It  is  the  column  of  air  in  the  jar  vibrating  in  unison 
with  the  fork,  and  we  adjust  its  length  by  pouring  in  the  water;  when  the 
sound  is  loudest,  we  cease  to  pour  in  any  more  water;  the  jar  is  adjusted,  and 
we  can  now  prove  that  two  sounds  added  together  may  produce  silence.  It 
matters  not  which  fork  is  taken;  on  making  it  vibrate  and  holding  it  over  the 
mouth  of  the  resonant  jar,  we  have  a  uniform  and  clear  sound,  without  any 
pause,  stop,  or  cessation.  But,  if  we  make  both  vibrate  over  the  jar  together, 
a  very  remarkable  phenomenon  arises:  a  series  of  sounds,  alternating  with  a 
series  of  silences ;  for  a  moment  the  loud  sound  increases,  then  dies  away  and 
ceases,  then  swells  forth  again,  and  again  declines,  and  so  this  continues  until 
the  forks  cease  vibrating.  The  length  of  these  pauses  may  be  varied  by  putting 
more  or  less  wax  on  the  loaded  fork.  Now,  as  we  can  see  both  forks  rapidly 
vibrating  during  these  periods  of  silence,  the  experiment  proves  that  two  sounds 
may  produce  silence. 

Under  these  circumstances,  waves  of  sound  are  said  to  interfere  with  each 
other,  and  in  like  manner  I  shall  show,  under  the  head  of  Optics,  interference 
takes  place  among  waves  of  light. 

Sound  is  not  propagated  in  a  vacuum;  that  some  medium  is  necessary  for  the 
transmission  of  sound  may  be  shown  by  the  following  experiment: 

A  small  bell,  provided  with  a  striking  apparatus  set  in  motion  by  clockwork, 
is  placed  under  the  receiver  of  an  air-pump.  .Before  the  air  is  exhausted, 
the  sound  is  distinctly  heard,  but,  as  the  air  is  exhausted,  the  sound  becomes 
fainter  and  fainter,  until  it  at  last  ceases  to  be  heard. 

In  ascending  high  mountains,  the  air  becomes  rarefied,  and  a  corresponding 
diminution  of  sound  takes  place.    M.  Saussure  sa}^s  :  "On  firing  a  pistol  on  the 
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summit  of  Mont  Blanc  only  a  feeble  sound  is  heard,  like  that  produced  by 
breaking  a  dry  stick. 

Sound  is  transmitted  not  only  by  gases,  but  also  by  liquids  and  solids.  Thus, 
divers  hear  sounds  from  the  shore,  when  under  water,  and  sounds  made  under 
water  are  heard  on  shore.  A  slight  scratching  with  a  pin  on  one  end  of  a  long 
beam  is  distinctly  heard  at  the  other  end  by  applying  the  ear,  though  it  cannot 
be  heard  at  all  in  the  air. 

Sound  occupies  a  very  appreciable  time  in  passing  from  one  point  to  another. 
Thus,  a  man  cutting  wood  at  a  distance,  we  perceive  the  fall  of  the  axe  some 
time  before  the  sound  reaches  the  ear.  In  like  manner,  the  discharge  of  a  gun, 
or  a  flash  of  lightning,  is  seen  before  we  hear  the  report. 

In  1822  some  nice  experiments  were  made  on  the  hill  of  Montlery,  near  Paris, 
to  determine  the  velocity  of  sound,  and  it  was  found  to  be  1090  feet  per  second. 
Sound  travels  faster  in  heated  air  than  in  cold.  A  knowledge  of  the  velocity 
of  sound  enables  us  to  determine  the  distance  between  two  points.  Let  a  gun 
be  fired  at  one  point,  and  let  an  observer  note  the  time  between  the  flash  and 
the  report;  multiply  the  number  of  seconds  elapsed  by  1090,  and  we  have  the 
distance  in  feet. 

Experiments  made  across  the  Lake  of  Geneva,  Switzerland,  show  that  the 
velocity  of  sound  in  water  is  about  4700  feet  per  second,  which  is  more  than 
four  times  its  velocity  in  air. 

As  before  stated,  sound  is  propagated  in  spherical  waves,  and  when  these  waves 
meet  with  an  obstacle  they  are  driven  back,  like  an  elastic  ball  when  thrown 
against  a  hard  wall.  The  waves  thrown  back  take  a  new  direction,  and  are 
said  to  be  reflected,  precisely  similar  to  the  waves  of  heat  and  light,  as  will  be 
hereafter  explained. 

An  echo,  then,  is  nothing  more  than  the  reflection  of  sound  waves.  In  order 
that  the  echo  may  be  clearly  distinguished,  the  reflection  must  take  place  from 
an  obstacle  which  is  at  least  109  feet  distant.  When  sounds  are  reflected  at  a 
less  distance  than  109  feet,  the  reflected  sound  is  superposed,  giving  rise  to  a 
strengthened  sound  which  is  called  resonance. 

By  the  intensity  of  sound  I  mean  its  loudness :  1.  It  is  shown  by  theory  and 
confirmed  by  experiment,  that  the  intensity  of  sound  varies  inversely  as  the 
square  of  the  distance  from  the  sonorous  body.  2.  The  intensity  of  sound  dimin- 
ishes with  the  amplitude  of  the  vibrations  of  the  aerial  particles.  3.  Sound  is 
increased  in  intensity,  when  the  sounding  body  is  in  contact  with,  or  even  near, 
another  body  capable  of  vibrating  in  unison  with  it.  Thus,  the  sound  from  a 
violin  string,  is  strengthened  by  being  stretched  over  the  thin  body  of  the  in- 
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strument.  When  the  sound  is  transmitted  through  a  tube,  the  waves  cannot 
diverge  laterally,  and,  consequently,  the  sound  is  transmitted  to  a  much  greater 
distance  without  much  loss  of  intensity.  The  effect  of  the  speaking-trumpet 
has  been  explained  by  successive  reflections  of  sound-waves  from  the  sonorous 
material  of  which  the  instrument  is  composed,  by  virtue  of  which,  the  voice  is 
only  transmitted  in  the  direction  of  the  tube.  But  the  fact  is  that  sound  is 
transmitted  in  all  directions,  which  would  indicate  that  its  effects  should  be 
attributed  to  a  reinforcement  of  the  voice  by  the  vibration  of  the  column  of  air 
contained  in  the  trumpet,  according  to  the  principle  that  sound  is  reinforced 
by  an  auxiliary  vibrating  body.  /The  ear-trumpet,  then,  is  simply  the  speaking- 
trumpet  reversed;  the  shape  of  the  ear  in  man  and  animals  is  such  as  to  per- 
form the  functions  of  the  trumpet. 

The  subject  of  sound  has  been  investigated  with  respect  to  the  number  ot 
vibrations  corresponding  to  the  lowest  and  loudest  sounds  perceptible  by  the 
human  ear.  The  result  is,  that  the  gravest  perceptible  sound  is  produced  by 
16  vibrations  per  second;  whilst  the  most  acute  is  by  48,000.  Allowing,  then, 
1090  feet  as  the  velocity  of  sound  per  second,  we  have  for  the  length  of  waves 
for  the  gravest  sound,  about  68  feet,  and  for  the  most  acute,  a  little  more  than 
a  quarter  of  an  inch.  The  ear  not  only  distinguishes  between  given  sounds,  but 
also  appreciates  the  relation  between  the  number  of  vibrations  corresponding 
to  each.  We  cannot  recognize  whether  for  a  sound  the  number  of  vibrations  is 
two,  three,  or  four  times  as  great  as  for  another;  but  when  the  number  of  vibra- 
tions corresponding  to  two  successive  sounds  have  to  each  other  a  simple  ratio, 
these  sounds  excite  an  agreeable  impression  ;  thus,  there  results  a  series  of  sounds 
characterized  by  relations  which  have  their  origin  in  the  nature  of  our  mental 
organization,  and  which  constitutes  what  is  called  a  musical  scale. 

The  strings  used  in  musical  instruments  are  made  to  vibrate  by  drawing  a 
bow  across  them,  as  in  the  violin;  by  drawing  them  asunder,  as  in  the  harp; 
or  by  percussion  with  little  hammers,  as  in  the  piano.  In  all  these  cases,  the 
vibrations  are  transversal ;  that  is,  the  movements  take  place  perpendicularly  to 
the  direction  of  the  string. 

When  the  air  in  pipes  or  tubes  is  put  into  vibration,  it  yields  a  sound;  in 
this  case  it  is  the  air  which  is  the  sonorous  body;  the  nature  of  the  sound 
depends  upon  the  form  of  the  pipe,  and  the  manner  in  which  those  vibrations 
are  applied. 
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SOMETHING,  THOUGH  NOT  MUCH,  ABOUT 

HEAT. 

Heat  is  that  physical  agent  capable  of  exciting  within  us  the  sensation  which 
we  call  warmth.  Absence  of  heat  constitutes  cold ;  the  two  being  simply  rela- 
tive terms. 

In  respect  to  the  laws  of  incidence  and  reflection,  and  in  many  other  respects, 
the  phenomena  of  light  and  heat  are  the  same,  but  in  respect  to  transmission, 
radiation,  distribution,  &c,  both  chemical  and  mechanical,  which  affect  our 
senses,  there  are  great  differences. 

Heat  accumulating  in  bodies,  penetrates  into  their  pores,  and  uniting  with 
their  molecules,  gives  rise  to  a  repellant  force,  which  counteracts  those  of  cohe- 
sion. Hence,  heat  causes  bodies  to  expand,  and  if  applied  in  sufficient  quantities, 
the  particles  of  solids  are  so  far  repelled,  as  to  move  freely  among  each  other, 
becoming  liquid;  and  if  a  still  greater  quantity  is  applied,  the  liquid  body  then 
passes  into  a  state  of  vapor.  Thus  we  say :  Heat  dilates  and  cold  contracts 
bodies. 

A  mass  of  ice  if  heated  above  32°  passes  into  the  form  of  water,  and  if  heated 
to  212°  it  passes  into  vapor.  We  may  assume  then  from  this,  that  the  solid,  the 
liquid,  or  the  gaseous  condition  of  bodies,  depends  entirely  upon  the  existing 
temperature.  It  has  been  asserted  that  the  ultimate  atoms  of  bodies  are 
unchangeable  and  imperishable,  and  that  not  a  particle  of  matter  has  been  gained 
nor  lost  since  the  creation. 

The  natural  as  wTell  as  the  artifical  measures  of  time,  depend  upon  the  influ- 
ence of  heat ;  thus,  the  length  of  a  day  and  a  night  is  the  period  wThich  elapses 
during  one  complete  rotation  of  the  earth  on  its  axis,  and  the  length  of  this 
period  is  determined  by  the  mean  temperature  of  her  mass.  Should  the  mean 
temperature  of  the  whole  earth  fall,  her  magnitude  must  become  less,  or,  what 
is  the  same  thing,  her  diameter  must  shorten.  When  we  tie  a  weight  to  the 
end  of  a  thread,  and  swing  it  round  in  the  air,  suffering  the  string  to  wind  around 
the  finger;  as  the  string  shortens  by  this  winding  up,  the  weight  accomplishes 
its  revolutions  in  a  less  period.  Now,  transferring  this  illustration  to  the  case 
before  us,  if  the  mean  temperature  of  the  earth  had  ever  declined,  she  must  have 
become  less  in  size,  and  therefore  turned  around  quicker,  and  the  length  of  a 
day  and  night  necessarily  have  been  less.  But  astronomical  observations,  for 
a  period  of  2000  years  past,  have  proved  conclusively  that  the  length  of  a  day 
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has  not  changed  by  so  small  a  quantity  as  the  part  of  a  second,  and  we 
therefore  are  warranted  in  inferring  that  the  mean  temperature  of  the  earth  has 
not  perceptibly  fallen. 

When  the  heat  received  by  a  body  is  attended  with  an  increase  of  warmth, 
the  heat  is  said  to  be  sensible;  but,  in  many  cases,  a  body  may  receive  a  large 
amount  of  heat,  without  any  increase  of  warmth  j  such  heat  is  said  to  be  latent. 

Heat,  like  light,  is  sent  forth  from  a  heated  body  in  all  directions,  equally. 
The  rays  of  heat  are  straight  lines  j  radiant  heat  in  passing  from  one  medium  to 
another,  is  refracted.  The  intensity  of  heat  varies  directly,  as  the  temperature 
of  the  radiating  body,  and  inversely  as  the  square  of  the  distance  to  which  it  is 
transmitted.  A  ray  of  heat,  like  a  ray  of  light,  falling  upon  a  body,  may  be: 
1.  Keflected.    2.  Eefracted.    3.  Absorbed.    4.  Transmitted. 

The  laws  which  govern  heat  are  so  analogous  to  those  which  govern  light,  that 
the  reader  is  referred  to  the  section  on  Optics. 

A  ray  of  heat  falling  upon  a  body,  is  divided  into  two  parts,  one  being  ab- 
sorbed and  the  other  reflected.  The  relative  proportions  between  these  two 
parts  varies  with  the  nature  of  the  substance  and  the  character  of  the  reflecting 
surface.  Polished  brass  possesses  the  highest  reflecting  power.  Silver  only 
reflects  nine-tenths;  tin,  eight-tenths;  and  glass,  only  one-tenth  as  much  as 
brass.  Plates  blackened  by  smoke  do  not  reflect  heat  at  all.  Those  substances 
which  reflect  most  heat,  absorb  least,  and  the  reverse ;  i.  e.,  a  good  radiator  is 
also  a  good  absorber,  but  a  bad  reflector.  Thus,  when  the  bulb  of  a  thermometer 
is  blackened  by  smoke,  the  thermometer  indicates  the  greatest  change  of  tem- 
perature, and  when  the  bulb  is  coated  with  leaves  of  brass,  it  indicates  the  least 
change.  The  nearer  the  incidental  ray  approaches  the  normal,  the  less  will  be 
the  portion  reflected,  and  the  greater  the  portion  absorbed,  and  finally  light- 
colored  bodies  absorb  less,  and  reflect  more  than  dark-colored  ones;  con- 
sequently, white  bodies  are  the  best  reflectors  and  the  worst  absorbers.  The 
animals  of  the  Polar  regions  are,  generally,  of  a  light  color,  often,  indeed,  per- 
fectly white,  and  thus  better  adapted  to  sustain  the  severe  cold.  Oils  and  fats 
are  good  reflectors;  and  we  find  the  Laplanders  and  Esquimaux  rub  their  bodies 
with  oil,  to  prevent  the  too  rapid  radiation  of  animal  heat;  while  negroes,  on 
the  other  hand,  do  the  same  thing  to  prevent  the  absorption  of  heat  from 
without. 

Liquids  are  heated  by  a  process  of  circulation  among  their  particles,  called 
convection,  the  heat  being  applied  from  below.  When  the  particles  at  the  bottom 
become  heated,  they  expand,  and  as  they  are  then  lighter  than  the  cooler  par- 
ticles above  them,  they  rise  to  the  top  of  the  vessel,  to  give  place  to  the  heavier 
and  cooler  ones  that  supply  their  places,    In  this  way  a  double  current  of  par- 
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tides  is  sent  up.  Liquids  conduct  heat,  however,  in  a  very  limited  degree.  If  a 
tube,  nearly  filled  with  wTater,  be  held  over  a  spirit  lamp,  in  such  a  manner  as 
to  direct  the  flame  against  the  upper  part  of  the  water,  the  water  at  the  top  of 
the  tube  may  be  kept  boiling  for  a  long  time,  without  occasioning  the  slightest 
inconvenience  to  the  person  who  holds  the  tube. 

Dew  is  the  moisture  of  the  air  condensed  by  coming  in  contact  with  bodies 
colder  than  itself.  Dew  is  always  formed  upon  the  surface  of  the  material  upon 
which  it  is  found,  and  does  not  fall  from  the  atmosphere. 

Frost  is  frozen  dew.  When  the  temperature  of  the  body  upon  which  dew  is 
formed,  sinks  below  32°  Fahr.,  the  moisture  freezes  and  constitutes  what  is 
called  frost.  If  ice  be  exposed  to  heat,  it  begins  to  melt  at  32°  Fahr.,  and  if 
more  heat  be  applied,  the  melting  is  accelerated;  but  the  temperature  of  the 
mixture  of  ice  and  water  remains  at  32°  until  all  the  ice  is  melted.  If  water  be 
put  in  a  vessel  over  the  fire,  a  thermometer  immersed  in  the  water  will  show 
a  gradual  rise  until  212°  Fahr.  is  reached,  when  the  water  boils ;  at  that  point, 
no  matter  how  much  the  heat  be  increased,  the  temperature  remains  stationary. 
This  explains  why  a  vessel  containing  a  liquid  that  is  constantly  exposed  to 
the  action  of  fire,  can  never  receive  such  a  degree  of  heat  as  would  destroy  it. 
Thus,  a  tin  kettle  containing  water  may  be  exposed  to  the  action  of  the  most 
fierce  furnace  and  yet  remain  uninjured.  The  heat  which  the  fire  imparts  to 
the  kettle  is  immediately  absorbed  by  the  steam  into  which  the  water  is  con- 
verted. Thus,  also,  may  water  be  boiled  in  a  piece  of  writing  paper  over  the 
flame  of  a  candle,  without  the  paper  being  in  the  least  burned. 

The  absorption  of  heat  which  takes  place  when  a  body  passes  from  a  solid 
to  a  liquid  state,  is  taken  advantage  of  in  the  arts,  and  the  compounds  of  dif- 
ferent substances  used  for  this  purpose,  are  called  freezing  mixtures.  The  most 
simple  freezing  mixture  is  snow  and  salt ;  in  this  way  a  degree  of  cold  equal  to 
40°  below  the  freezing-point  of  water  is  obtained.  The  application  of  this  ex- 
periment to  the  freezing  of  ice-cream,  is  familiar  to  all.  Why  is  it,  then,  that  we 
apply  salt  to  melt  the  snow  and  ice  on  the  side  walks  and  railroad  tracks,  since 
it  increases  the  cold  ?  Because  salt  dissolved  in  water  would  occasion  a  reduction 
of  temperature;  but,  when  the  chemical  relations  of  two  solids  are  such  that 
both  by  mixing  are  rendered  liquid,  a  still  greater  degree  of  cold  is  produced. 
Now,  when  the  two  are  mixed,  the  salt  causes  the  snow  to  melt,  by  reason  of 
its  attraction  for  water,  and  the  water  thus  formed  dissolves  th'e  salt;  thus,  the 
salt  and  snow  have  an  affinity  for  each  other,  but  they  cannot  unite  until  they 
pass  to  the  liquid  state. 

By  vaporization  is  meant  the  conversion  of  liquid  and  solid  bodies  into  vapor, 
through  the  agency  of  heat. 
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All  vapors  are  invisible.  Steam,  which  becomes  diffused  through  the  air  by 
evaporation,  only  becomes  visible,  when  on  returning  to  its  fluid  condition,  it 
forms  a  misty  cloud.  When  vaporization  takes  place  only  from  the  surface  of  a 
body,  either  because  the  heat  has  access  to  that  part,  or  because  the  evolution 
of  vapor  takes  place  through  the  medium  of  a  gas  or  air  present,  the  action 
can  only  be  recognized  by  the  diminution  of  the  bulk  of  the  body:  this  phe- 
nomenon is  termed  evaporation. 

The  most  intense  artificial  cold  is  produced  by  the  rapid  evaporation  of  highly 
volatile  liquids.  Experiment :  Under  the  receiver  of  an  air  pump  place  a  saucer 
of  sulphuric  ether ;  on  top  of  the  ether  float  a  watch  glass  containing  water,  and 
commence  to  exhaust  the  air.  The  ether  will  evaporate  and  absorb  heat  so 
rapidly  as  to  convert  the  water  into  a  cake  of  ice  in  a  few  minutes.  By  means 
of  a  mixture  of  liquid  nitrous  oxide  and  sulphuret  of  carbon,  placed  under  the 
receiver  of  an  air  pump,  M.  Natterer  obtained  the  enormously  low  temperature 
of  220°  below  zero. 

When  a  liquid  assumes  the  solid  form  a  considerable  amount  of  heat  is  evolved. 
With  care,  water  may  be  cooled  to  a  point  far  below  that  of  freezing,  without 
assuming  the  solid  form  ;  but  if  under  these  unusual  circumstances,  the  vessel 
containing  the  water  be  agitated,  solidification  of  a  part  of  the  water  ensues, 
and  heat  is  evolved,  the  temperature  rising  to  32°  Fahr. 

As  the  pressure  of  the  atmosphere  determines  the  boiling  of  a  liquid,  and  as 
that  pressure  may  be  variable,  this  point  is  not  fixed. 

When  water  is  heated  in  a  vessel  from  which  the  steam  cannot  escape,  the 
water  never  boils,  no  matter  what  the  temperature  may  be.  If  a  glass  of  warm 
water  be  placed  under  the  receiver  of  an  air  pump,  and  the  air  gradually  ex- 
hausted, at  a  certain  point  ebullition  sets  in,  and  the  water  boils  at  a  low  tem- 
perature. In  a  vacuum  water  can  be  made  to  boil  at  32°  Fahr.  When  a  drop 
of  water  is  placed  on  a  red  hot  polished  surface  of  platinum,  it  does  not,  as  might 
be  expected,  commence  to  boil,  but  remains  perfectly  quiescent,  gathering  itself 
up  into  a  globule.  Tho  water  in  this  case  is  said  to  have  assumed  the  spheroid 
state.  If  the  platinum  be  now  allowed  to  cool,  as  soon  as  its  temperature  has 
reached  a  point  at  which  it  ceases  to  be  visibly  hot,  the  drop  of  water  is  suddenly 
dissipated  in  a  burst  of  steam. 

The  phenomenon  of  the  spheroidal  condition  of  water  furnishes  an  explana- 
tion of  the  feats  often  performed  by  jugglers  of  plunging  the  hands  with  impu- 
nity into  molten  lead  or  iron.  The  hand  is  moistened,  and  when  passed  into 
the  liquid  metal  the  moisture  is  vaporized  and  interposes  between  t he  metal 
and  the  skin  a  sheath  of  vapor. 

Gases  were  formerly  considered  to  be  essentially  different  in  their  natures 
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from  vapors,  but  comparatively  recent  experiments  have  shown  that  their  con- 
stitution is  similar,  and  is  owing  to  the  latent  heat  they  contain. 

For  more  than  thirty  years  the  engineers  of  many  English  coal  mines  have 
published  annual  accounts  of  the  experiments  made  with  their  steam  engines, 
for  the  purpose  of  ascertaining  the  exact  amount  of  coal  required  to  perform 
certain  duties.  The  results  of  these  experiments  are  so  curious  and  instructive, 
that  they  were  entirely  unexpected  to  men  of  science.  In  one  of  these  reports, 
the  engineer  employed  in  a  copper  mine  stated  that  his  engine  had  raised,  as 
its  average  work,  95,000,000  pounds  a  foot  high  with  a  single  bushel  of  coal. 
This  mechanical  effect  was  so  enormous  and  so  very  unexpected  that  the  best 
judges  considered  the  subject  as  beyond  the  bounds  of  credulity.  The  proprietors, 
therefore,  agreed  that  another  trial  should  be  made  in  the  presence  of  competent 
witnesses,  when,  to  the  astonishment  of  all,  the  result  exceeded  the  former 
reports  by  30,000,000  pounds.  The  great  pyramid  of  Egypt  has  a  base  of  700 
feet  and  is  500  feet  high;  its  weight  amounts  to  12,760,000,000  pounds;  to 
construct  which,  it  is  said  to  have  cost  the  labor  of  100,000  men  for  twenty  years. 
Yet,  according  to  the  above  calculations,  its  material  could  have  been  raised 
from  the  ground,  to  their  present  position,  by  the  combustion  of  only  479  tons 
of  coal. 


OPTICS. 

The  word  Optics  is  derived  from  the  Greek,  signifying  seeing,  or  to  see. 

Optics  is  that  branch  of  natural  philosophy  which  treats  of  vision,  and  the 
laws,  properties,  and  phenomena  of  light. 

Light  is  that  physical  agent  which,  acting  upon  the  eye,  produces  the  sensa- 
tion of  sight.  This  science  involves  some  of  the  most  elegant  and  important 
branches  of  natural  philosophy.  It  presents  us  with  experiments  which  are 
attractive  by  their  beauty,  and  which  astonish  us  by  their  novelty. 

Bodies  which  emit  light  are  called  luminous  bodies ;  such  as  the  sun  and  stars, 
which,  possessing  in  themselves  the  power  of  exciting  light,  are  called  self-lumin- 
ous. All  substances  become  self-luminous  when  sufficiently  heated,  or  when  in  a 
state  of  chemical  transition  ;  and  some  organisms,  as  the  glow-worm,  fire-fly,  and 
the  like,  are  provided  with  an  apparatus  capable  of  exciting  light,  and  of  becom- 
ing self-luminous. 
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We  know  that  bodies  when  sufficiently  heated  become  luminous,  and  that  their 
luminosity  increases  as  their  temperature  is  raised.  Artificial  light,  as  that  from 
a  candle  or  gas-jet,  is  due  to  the  combustion  of  substances  containing  carbon  and 
hydrogen,  which,  combining  with  the  oxygen  of  the  air,  produce  a  degree  of 
heat  so  great  as  to  cause  their  burning  bodies  to  appear  luminous.  Electricity 
is  a  source  of  light  of  so  intense  a  volume  as  may  be  compared  with  the  sun 
itself. 

There  are  two  theories  concerning  the  nature  of  light :  The  emission  theory  and 
the  wave  theory,  generally  termed  the  undulatory  theory.  Some  maintain  that  light 
is  composed  of  inconceivably  small  particles  of  self-luminous  matter,  which  are 
emitted  from  luminous  bodies  with  immense  velocity,  and  which,  falling  upon  the 
retina  of  the  eye,  produce  the  sensation  of  sight.  This  was  the  theory  of  Newton, 
and  La  Place.  This  theory,  however,  has  been  generally  replaced  by  the  undu- 
latory theory,  which  supposes  there  exists  throughout  all  space  an  extremely 
attenuated  and  highly  elastic  medium,  called  ether. 

This  ether  permeates  all  bodies,  and  the  undulations  or  waves  propagated 
through  it  constitute  the  principle  of  light.  The  eye  admitting  the  free  passage 
of  these  ethereal  waves,  these  communicate  to  certain  nerves  which  are  spread 
over  a  portion  of  the  internal  structure  of  that  organ,  the  sensation  of  sight. 
We  therefore  see,  by  a  principle  in  every  respect  analogous  to  that  by  which 
we  hear. 

This  is  the  theory  of  Huygens,  Fresnel,  Young,  Malus,  and  many  others,  and 
is  now  the  theory  adopted  by  almost  all  physicists. 

The  cause  of  light,  then  (adopting  the  undulatory  theory),  is  an  undulatory 
movement  taking  place  in  the  ethereal  medium.  That  such  a  medium  does  exist, 
seems  to  be  proved  by  innumerable  astronomical  facts.  In  this  elastic  medium, 
undulatory  movements  can  be  propagated  in  the  same  manner  as  waves  of  sound 
are  in  the  air.  We  must  be  careful  and  not  confound  the  ether  with  the  light; 
light  is  merely  the  effect  of  the  undulations  in  the  ether.  Thus,  the  atmosphere  is 
one  thing,  and  the  sound  which  traverses  it,  is  another.  From  astronomical  obser- 
vations, it  has  been  ascertained  that  the  rate  of  propagation  of  light,  or  rather 
the  velocity  with  which  these  waves  advance,  is«ibout  192,000  miles  per  second 
of  time.  You  are  not  to  understand  by  this,  however,  that  the  ethereal  particles 
rush  forward  in  a  rectilinear  course,  at  this  tre-  Fj  r 


mendous  rate ;  these  particles,  far  from  advanci  Dg, 
remain  stationary.  *  A  rude  idea  of  the  nature  of 
these  ethereal  movements  may  be  formed  from 


the  following:  If  we  take  a  long  cord  and  fasten  one  end  to  any  fixed  post,  A 
(Fig.  17),  and  commence  agitating  the  other  end,  B,  up  and  down,  the  cord  will 
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be  thrown  into  wave-like  motions,  which  will  pass  rapidly  from  the  hand  to  the 
post.  The  particles  of  which  the  cord  is  composed  do  not  advance  nor  retreat, 
though  the  waves  do. 

A  distinction  must  also  be  made  between  the  words  vibration  and  undulation. 
In  the  case  of  the  cord,  the  vibration  is  represented  by  the  movement  exerted 
by  the  hand ;  whilst  the  undulation  is  the  wave-like  motion  which  passes  along 
the  cord.  Thus,  the  vibration  is  the  cause  and  the  undulation  is  the  effect.  In 
the  same  way  as  a  vibrating  cord  agitates  the  surrounding  air,  and  makes  waves 
of  sound  pass  through  it  to  the  ear,  which  we  call  sound,  so  does  the  incan- 
descent or  shining  particle  vibrating  with  prodigious  rapidity  impress  a  wave- 
like motion  in  the  ether,  which  impinging  on  the  eye  produces  the  sensation 

which  we  call  Light.  The  great  discovery  of 
the  transverse  vibration  of  light  was  made  by  M. 
Fresnel.  Eeferring  again  to  our  simple  illustra- 
tion of  the  cord,  it  will  be  obvious  that  the 
variety  of  directions  in  which  we  may  agitate  the  cord  is  infinite.  Thus,  we 
may  move  it  up  and  down,  or  horizontally  to  the  right  and  left,  and  also  in  an 
infinite  number  of  intermediate  directions,  every  one  of  which  is  transversal  (at 
right  angles)  to  the  length  of  the  cord ;  as  from  A  to  A,  B  to  B,  or  C  to  C  (Fig. 
18).  This  is  the  peculiarity  of  the  movement  of  light.  Its  vibrations  are  trans- 
verse to  the  course  of  the  ray,  and  in  this  it  differs  from  the  movement  of  sound, 
in  which  the  vibrations  are  normal;  i.  e.,  executed  in  the  direction  of  the  result- 
ing wave,  and  not  at  right  angles  to  it.  This  great  discovery  of  M.  Fresnel  is 
the  foundation  of  the  whole  theory  of  optics,  and  offers  a  simple  but  brilliant 
explanation  of  the  phenomena  of  light.  This  is  called  the  theory  of  transverse 
vibrations. 

The  waves  which  propagate  light  are  infinitely  more  rapid  and  shorter  than 
those  which  propagate  sound,  but  the  analogy  between  them  is  extremely  close. 
In  both,  the  intensity  depends  upon  the  excursions  of  the  molecules.  The  dif- 
ference or  pitch  in  sounds  depends  upon  the  frequency  of  the  waves;  whilst  in 
light,  the  difference  in  color  also  depends  upon  the  same  condition. 

A  ray  of  light  is  the  line  (direction)  along  which  the  light  is  propagated. 

A  pencil  of  light  is  a  small  group  of  rays  emanating  from  a  common  point. 
When  the  rays  proceed  from  a  common  point,  they  are  said  to  be  divergent. 
When  the  rays  proceed  to  a  common  point,  they  are  said  to  be  convergent. 

A  beam  of  light  is  a  small  group  of  parallel  rays  such  as  enter  a  small  hole  in 
a  shutter  from  a  distant  body,  such  as  the  sun. 

A  medium  is  anything  that  transmits  light;  as,  free  space,  air,  wTater,  glass, 
&c.    Media  owe  their  properties  of  transmitting  light  to  the  ether  which  per- 
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vades  them.  This  ether  exists  in  the  spaces  between  the  particles  of  all  bodies, 
but  not  always  in  such  a  state  as  to  permit  the  transmission  of  light.  It  is  known 
that  in  Acoustics  two  waves  of  sound  may,  under  certain  circumstances,  so  in- 
terfere with  one  another  as  to  produce  silence;  so  too  in  Optics,  two  waves  of 
light  may  also  interfere  with  one  another  so  as  to  produce  total  darkness.  This 
branch  of  the  subject  will  be  alluded  to  hereafter. 

A  transparent  body  is  one  which  permits  light  to  pass  freely  through  it ;  as, 
glass,  air,  water,  &c,  and  allows  of  objects  being  plainly  seen  through  it.  No 
body  is  perfectly  transparent,  all  intercept  (absorb)  more  or  less  light.  The 
cause  of  absorption  is  believed  to  be  a  peculiarity  of  the  molecular  constitution 
of  the  bodies,  which  neutralize  the  undulations  of  the  ether. 

A  translucent  body  is  one  which  permits  the  light  to  pass  through  it,  though 
not  in  sufficient  quantities  to  allow  of  objects  being  seen  through  it;  as,  ground- 
glass,  oiled  paper,  porcelain,  &c. 

I  have  stated  that  from  certain  astronomical  observations,  it  appears  that 
light  is  propagated  at  about  192,000  miles  per  second.  Thus,  light  occupies  more 
than  eight  minutes  to  reach  us  from  the  sun  ;  more  than  four  hours  to  reach  us 
from  the  planet  Neptune ;  more  than  three  years  to  reach  us  from  the  nearest 
fixed  star;  and  more  than  three  thousand  years  to  reach  us  from  the  most 
remote  telescopic  stars.  Then,  indeed,  the  light  reaching  us  from  such  stars, 
must  have  set  out  on  its  journey  centuries  before  the  Christian  era. 

When  a  ray  of  light  falls  upon  a  polished  surface,  a  portion  of  the  ray  will  be 
reflected  and  another  portion  will  be  absorbed. 

When  a  ray  of  light  falls  upon  a  transparent  body,  a  portion  will  be  regularly 
reflected;  another  portion  irregularly  reflected  ;  a  third  portion  will  be  refracted; 
and  a  fourth  portion  will  be  transmitted  ;  finally,  a  fifth  portion  will  be  absorbed. 
That  portion  of  the  light  which  is  regularly  reflected,  will  depend  upon  the  polish 
of  the  body  and  the  direction  of  the  ray;  that  portion  which  is  irregularly 
reflected  is  diffused,  and  it  is  by  means  of  this  diffused  light  that  we  are  enabled 
to  see  non-luminous  bodies;  because  they  receive  the  light  and  reflect  it  to  the 
eye  ;  and  we  see  objects  more  clearly  or  brighter,  according  to  the  amount  of 
light  they  receive.  Thus,  we  see  objects  by  means  of  the  light  reflected  from  them 
to  the  eye,  and  the  object  either  is,  or  appears  to  be,  situated  in  the  direction 
from  which  the  ray  enters  the  e\  e. 

When  a  ray  falls  upon  a  polished  body  or  surface,  its  course  is  changed  or  bent 
from  its  regular  direction  ;  such  surfaces  are  called  reflecting  surfaces,  and  the 
bending  of  the  ray  is  called  reflection.  A  ray  of  light  falling  upon  a  polished 
surface  is  called  an  incident  ray. 

The  ray  AB  (Fig.  19),  falling  upon  the  reflecting  surface  DBE  (such  as  a 
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mirror),  is  called  the  incident  ray.  The  point  B,  where  the  ray  strikes  the 
reflecting  surface,  is  called  the  point  of  incidence.    The  angle  which  the  incident 

ray  makes  with  the  normal  F  B,  is  called  the  angle 
of  incidence;  thus,  ABF  is  an  angle  of  incidence. 
The  normal  is  the  imaginary  line,  drawn  perpen- 
dicular to  the  reflecting  surface ;  thus,  F  B  is  the 
normal,  at  right-angles  or  perpendicular  to  the 
surface  DBE.  The  -plane  which  passes  through 
the  incident  ray  and  the  normal,  is  called  the  plane 
of  incidence ;  thus,  the  plane  through  A  B  and  B  F,  is  a  plane  of  incidence.  The 
ray  A  B,  striking  the  reflector  D  B  E,  is  reflected  at  B  C,  and  is  called  the  ray  of 
reflection,  and  the  angle  which  the  reflected  ray  makes  with  the  normal,  is  called 
the  angle  of  reflection  ;  thus,  C  B  F  is  the  angle  of  reflection.  The  angle  of  inci- 
dence is  equal  always  to  the  angle  of  reflection. 

When  a  ray  of  light  proceeds  directly  from  an  object  to  the  eye,  we  see  the 
object  directly  where  it  is;  therefore,  we  see  all  objects  in  the  line  of  direction 
in  which  the  ray,  proceeding  from  the.  object,  enters  the  eye;  thus,  the  ray  pro- 
FiQ  ^  ceeding  directly  from  the  object  A  (Fig.  20), 

  ^    enters  the  eye  at  B,  and  consequently  the  eye 

<1^~  •       perceives  the  object  exactly  where  it  is.  But, 

when  the  ray  proceeding  from  the  object  A  (Fig.  21),  is  prevented  from  reaching 
the  eye  B,  by  the  obstacle  C,  the  eye  cannot  see  it;  another  ray,  however, 

proceeding  from  the  object  A,  strikes  the  mirror 
D  E,  and  is  reflected  to  the  eye.    The  eye  no  longer 
sees  the  object  in  its  proper  direction,  but  in  the 
direction  in  which  the  ray  enters  the  eye;  the  lat- 
ter referring  the  object  along  this  line,  the  object 
appears  to  be  situated  at  F,  exactly  as  far  behind 
the  mirror  as  the  object  is  before  it.    We  say  the 
object  appears  to  be  at  F,  but  as  the  object  is  really 
at  A,  this  appearace  is  an  image  of  the  object  formed 
by  the  reflecting  surface  D  E ;  thus,  when  an  object  approaches  a  reflecting 
surface,  the  image  seems  to  come  forward  to  meet  it,  and  when  an  object  is  with- 
drawn from  the  reflecting  surface,  the  image  appears  to  recede  from  it. 

Any  reflecting  surface  employed  to  form  images,  is  called  a  reflector  or  mirror ; 
thus,  a  common  looking-glass  is  a  mirror.  It  must  be  observed,  however,  that 
in  the  case  of  a  looking-glass,  the  principal  reflection  does  not  come  from  the 
glass  itself;  for  a  looking-glass  is  composed  of  a  plate  of  glass,  upon  the  back 
of  which  is  a  bright  reflecting  substance,  formed  by  an  amalgam  of  tin  and 


Fig.  21. 
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mercury.  The  glass  only  serves  to  give  a  proper  surface  to  this  amalgam,  and 
it  is  from  this  surface  that  the  reflection  comes.  There  is,  however,  a  feeble 
reflection  Avhich  comes  from  the  surface  of  the  glass  itself,  giving  rise  to  feeble 
images. 

Thus,  the  image  B  (Fig.  22),  formed  from  the  surface  of  the  glass  at  D,  is  but 
a  feeble  image  as  compared  with  the  image  C,  formed  ^ 
from  the  mercury  at  E  (the  figure  is  purposely  greatly 
exaggerated).  The  thicker  the  plate  glass,  the  greater 
apart  will  these  images  appear,  as  may  be  readily  un- 
derstood by  consulting  the  above  figure.  It  is  for  this 
reason  that  such  reflectors  are  not  adapted  for  optical 
purposes;  hence,  reflectors  for  telescopes,  &c,  are  gen- 
erally made  of  alloys,  mixtures  of  hard  metals,  which 
admit  of  a  very  high  polish.  Such  a  mirror  is  called  a 
speculum. 

Mirrors  are  of  two  kinds,  plane  and  curved.  A  plane  mirror  is  one  whose 
reflecting  surface  is  plane,  L  e.,  flat;  suctwis  an  ordinary  looking-glass,  the  sur- 
face of  smooth  water,  &c.  A  plane  mirror  causes  the  image  of  objects  which  are 
presented  to  it,  to  appear  of  the  same  size,  and  symmetrical  with  the  object. 
The  image  also  appears  to  be  exactly  as  far  behind  the  mirror,  as  the  object  is 
before  it.  An  image  of  an  object  is  the  picture  or  representation  of  that  object 
formed  by  a  reflector,  or  by  a  lens. 

In  a  plane  mirror,  a  person  may  see  his  whole  image  when  the  mirror  is  only 
half  as  long  as  himself,  let  him  stand  at 
whatever  distance  he  may.  The  ray  AB 
(Fig.  23),  striking  the  reflector  B  E,  perpen- 
dicularly at  B,  is  reflected  back  in  the  same 
direction;  but  the  ray  D  E,  striking  the  reflec- 
tor obliquely  at  E,  is  reflected  at  the  same 
angle  to  the  eye,  which,  seeing  the  image  in 
the  direction  of  this  entering  ray,  refers  the 
image  to  C  F,  exactly  as  far  behind  as  the  object  is  before  the  mirror,  and  conse- 
quently of  the  same  size.  Now,  an  image  like  the  above,  which  appears  only, 
and  has  no  real  existence,  is  called  a  virtual  image. 

A  curved  mirror  is  one  in  which  the  reflecting  surface  is  curved.  Curved 
mirrors  are  of  two  kinds,  concave  and  convex. 

A  concave  mirror  is  one  in  which  the  reflecting  surface  is  on  the  concave  or 
hollow  side. 

A  convex  mirror  is  one  in  which  the  reflection  takes  place  from  the  convex  or 


Fig.  23. 
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outer  side.  The  most  important  class  of  curved  mirrors  is  that  in  which  the  re- 
flecting surface  is  a  portion  of  a  sphere. 

The  following  definitions  apply  equally  to  concave  and  convex  mirrors  : 

Let  ABCD  (Fig.  24),  represent  an  imaginary  sphere, 
of  which  the  concave  mirror  ABO  forms  a  portion  (it 
is  to  be  observed,  that  the  surface  of  a  curved  mirror  is 
only  a  small  part  of  the  surface  of  the  sphere).  The 
middle  point  or  centre,  B,  of  the  concave  mirror  is 
called  the  vertex  ;  the  centre  E,  of  the  sphere  A  BCD. 
of  which  the  mirror  forms  a  portion,  is  called  the  optical 
centre ;  the  indefinite  straight  line  BED,  passing 
through  the  optical  centre  and  the  vertex,  is  called  the 
axis.  A  focus  is  the  point  where  deviated  rays,  striking  a  concave  mirror,  are 
reflected  to  one  common  point. 

Let  ABCDBFG  (Fig.  25)  represent  seven  incident  rays,  proceeding  in  parallel 
lines,  striking  the  mirror  at  the  points  HIJKLMN;  Pis  the  optical  centre  from 
which  proceed  the  normals  (the  dotted  lines,  perpendicular  to  the  surface  of  that 
part  of  the  mirror  where  they  strike).  The  rays  A  B  C  D  E  F  G,  impinging  on 
the  mirror  at  certain  angles  to  these  normals,  are  reflected  at  equal  angles  in  an 
opposite  direction,  and  all  meet  at  a  point,  O,  called  the  focus,  situated  midway 
between  the  optical  centre  P,  and  the  vertex  K.  From  the  fact  that  these 
rays  are  parallel  to  the  axis  of  the  mirror,  the  position  of  the  focus  O  remains 
unchangeable,  and  is  consequently  called  the  principal  focus. 
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To  understand  why  the  incident  rays  reflected  from  a  concave  mirror  are 
caused  to  meet  at  a  focus,  we  are  only  to  suppose  HIKLM  (Fig.  26),  to  repre- 
sent five  plane  mirrors  (so  situated  in  regard  to  each  other  that  they  form  a 
part  of  the  circle  of  which  F  is  the  centre).    The  normals  are  represented  by 
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Fio.  27. 


the  dotted  lines.  The  incident  rays,  ABODE,  striking  these  mirrors  so  inclined, 
will  be  reflected  at  equal  angles,  the  effect  of  which  will  be  to  cause  them  to 
meet  at  the  point  G,  exactly  midway  between  the  common  centre  and  the  sur- 
face of  the  middle  mirror.  We  have  now  only  to  consider  the  surface  of  a 
concave  mirror  to  consist  of  innumerable  plane  mirrors  inclined  to  each  other  at 
certain  angles,  proportionate  to  the  concavity  of  the  circle.  In  the  above  exam- 
ples the  incident  rays  have  been  considered  as  parallel  to  the  axis  of  the  mirror; 
but,  let  A  B  C  D  E  (Fig.  27)  represent  a  concave  mirror,  whose  optical  centre  is 
situated  at  G,  a  pencil  of  rays  emanat- 
ing from  a  point,  H,  called  the  radiant 
(a  candle,  for  instance),  consequently  not 
parallel  to  the  axis,  and  situated  not  in- 
finitely distant  from  the  mirror,  and  on 
the  axis,  will,  upon  reflection  from  the 
mirror,  obey  the  same  laws  as  parallel 
rays,  and  will  be  brought  to  a  focus  at 
F,  different  from  the  principal  focus,  L  ; 
hence,  any  two  points  so  related,  that 
a  pencil  of  light  emanating  from  either 
one  is  brought  to  a  focus  at  the  other, 
are  called  conjugate  foci;    thus,  should 

the  radiant  be  situated  at  F,  the  focus  will  be  at  H,  or  should  the  radiant  be  sit- 
uated at  H,  then  the  focus  will  be  at  F.  From  what  has  ,  been  stated  we 
infer :  1.  If  the  radiant  is  on  the  axis,  and  at  an  infinite  distance  from  the  mirror, 
the  ray  will  be  parallel,  and  the  corresponding  focus  will  be  the  principal  focus. 
2.  If  the  radiant  approaches  the  mirror,  Fig.  28 

the  focus  recedes  from  it.  3.  If  the 
radiant  is  beyond  the  optical  centre, 
the  focus  is  between  the  optical  centre 
and  the  vertex.  4.  If  the  radiant  is  at 
the  optical  centre,  the  focus  will  also  be 
at  the  optical  centre.  5.  If  the  radiant 
is  between  the  optical  centre  and  the 
vertex,  the  focus  is  beyond  the  optical 
centre.  6.  If  the  radiant  is  at  the  prin- 
cipal focus,  the  conjugate  focus  is  at  an 
infinite  distanco,  i.  e.,  the  reflected  rays 

are  parallel ;  therefore,  if  the  radiant  is  at,  or  between  the  principal  focus,  F 
(Fig.  28),  and  the  vertex,  the  rays  will  be  reflected  back  parallel,  or  so  as  to 
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diverge.  Now,  there  will  be  no  focus  in  these  cases,  but,  as  in  the  last-mentioned 
case,  the  radiant  being  at  F,  the  reflected  rays  will  diverge  in  the  directions 
ABODE;  now,  if  these  reflected  rays,  ABODE,  be  produced  backwards,  as 
in  the  dotted  lines  to  H,  the  point  H  at  which  they  meet,  although  back  of  the 
mirror,  is  called  the  virtual  focus. 

Finally,  if  the  radiant  is  at  H  (Fig.  29).  and  not  on  the  axis  of  the  mirror,  the 
no.  29.  pencil  of  rays  will  be  oblique,  but  still  brought  to 

a  focus  at  F,  thus  the  radiant  and  corresponding 
focus  retain  the  same  properties  entirely  analogous 
to  those  already  explained. 

If  an  object  be  placed  in  front  of  a  concave  mir. 
ror,  a  pencil  of  rays  will  proceed  from  each  point 
of  the  object,  and  after  reflection  will  be  brought 
to  a  focus  either  real  or  virtual.  The  collection  of 
foci  thus  formed  makes  up  an  image  of  the  object- 
When  the  object  is  between  the  principal  focus  and 
the  mirror,  the  image  is  virtual  and  erect ;  furthermore,  it  is  larger  or  magnified. 
Fig.  30  shows  the  course  of  the  rays  in  forming  a  virtual  and  erect  image. 

The  face  AB  is  be- 
tween the  principal  fo- 
cus C,  and  the  mirror. 
The  pencils  of  rays,  A 
and  B,  are  reflected  to 
the  eye,  and  the  eye  re- 
ferring the  object  along 
these  directions  causes 


Fig.  30. 


them  to  diverge  in  the 
direction  A'  B';  thus  it  is 
easy  to  see  that  the  i  mage 
will  appear  larger  than 
the  object.  When  the 
concave  mirror  is  six  to 
eight  inches  in  diameter, 
and  ten  or  twelve  inches  focal  length,  i.e.,  ten  or  twelve  inches  from  the  mirror 
to  the  principal  focus,  it  exhibits  the  human  face  of  enormous  bulk,  the  spectator 
being  frightened  at  the  gigantic  size  and  coarseness  of  his  own  features. 

If  the  object  A  B  (Fig.  31)  be  further  from  the  mirror  than  the  principal  focus, 
C,  the  image  will  be  inverted  and  real ;  this  will  be  easily  understood  by  con- 
sulting the  figure.  In  convex  mirrors  the  reflection  takes  place  from  the  convex 
or  outer  surface,  and  its  effects  are  just  the  contrary  (or  reverse)  to  those  of  a 
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concave  mirror.  From  what  I  have  said  of  concave  mirrors,  it  will  readily 
be  seen  how  images  are  formed  by  convex  reflectors. 


Fig.  31. 


Fig.  32. 


The  parallel  rays  A  C  and  B  D  (Fig.  32),  striking  the  mirror  at  C  and  D, 
are  caused  to  diverge  after  reflection  in  the  lines  CC  and  DD',  so  that  they 
fail  to  come  to  a  focus  back  of  the  mirror.  It  is  only  such  rays,  therefore,  as 
approach  the  mirror  in  an  oblique  direction,  as  A  X  and  B  Y,  that  can  be  re- 
ferred back;  thus  it  will  readily  be  seen  how  the  image  is  formed.  Images 
formed  in  this  manner  are  always  virtual,  always  erect,  and  always  smaller, 
than  the  object. 

Light,  from  whatever  source  it  may  be  derived,  moves  in  straight  lines  so  long 
as  the  medium  traversed  is  uniform  in  density.  When  a  ray  of  light  falls  perpen- 
dicularly into  a  rarer  or  a  denser  medium,  it  continues  on  its  course  unchanged; 
but  if  it  falls  obliquely  upon  such  media,  its  direction  is  suddenly  changed  as  it 
enters  the  transparent  object  or  medium. 

If  the  medium  entered  is  uniform  in  density,  the  light  then  continues  on  in 
its  new  direction  in  a  straight  line,  and  on  quitting  the  me-  F10.33. 
dium  it  is  again  bent  back  in  its  original  direction,  provided 
the  surfaces  of  entrance  and  exit  are  parallel.    My  meaning 

can  be  better  understood  from  the  following  examples :  A  d  0 

Let  ABXY  (Fig.  33)  represent  a  piece  of  glass  whose  |  — —  ^ 
edge  or  thickness  is  here  presented  to  the  eye.  The  ray  of  ^^^^^^^^^^ 
light  CDE  F,  proceeding  in  a  straight  line  from  C,  strikes     [  z  y 

the  denser  medium,  glass,  perpendicularly  at  D.  The 
glass  being  uniform  in  density,  the  ray  continues  its  straight 
course  through  the  glass  to  Bj  now,  the  first  surface  of  the 

glass,  A  B,  being  parallel  to  the  second  surface  X  Y,  the  ray  upon  emerging  from 
this  second  surface  still  continues  its  straight  course  coincident  to  its  original 
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direction.  But  if  a  ray  of  light  proceeding  from  C  (Fig.  34)  strikes  the  first 
surface  of  the  glass  A  B,  in  an  oblique  direction,  the  course  of  the  ray  will  be 
changed,  and  bent  towards  the  normal  N  M,  at  D,  instead  of 
proceeding  in  a  straight  line  on  its  original  course  from  D 
to  E.  If  the  glass  be  uniform  in  density,  the  ray  will  now 
continue  on  in  its  new  direction  in  a  straight  line  from  D 
to  H.  On  emerging  from  the  glass  at  H,  its  course  will 
again  be  changed,  and  will  assume  its  original  direction  in 
a  straight  line,  so  that  its  course  will  be  parallel  to,  but  not 
coincident  with,  its  original  direction,  as  H  F.  In  this  ex- 
ample the  ray  of  light  passed  from  a  rarer  medium  (the 
air),  into  a  denser  one  (the  glass),  and  the  ray  was  changed 
towards  the  normal. 

Now,  let  A  B  and  C  D  (Fig.  35),  represent  two  pieces  of 
glass;  the  ray  E  passing  from  the  rarer  medium  (the  air),  enters  the  glass  at  G, 
FlG  35  and,  as  already  explained,  is  turned  towards  the 

normal  F  H,  and  emerges  again  at  P,  whence  it 
takes  up  its  original  direction,  and  again  suffers 
this  change  at  O  K,  on  entering  the  second  piece 
of  glass,  C  D.  Observe  now,  that  as  the  ray  quits 
the  denser  medium  (the  glass  A  B),  and  enters 
the  rarer  one  (the  air  contained  between  the 
glasses),  it  is  turned  from  the  normal,  in  the  direc- 
tion P  O,  until  it  reaches  the  second  piece  of  glass, 
where  it  obeys  the  same  law,  as  in  the  first  in- 
stance. The  change  that  the  ray  undergoes  in 
these  examples  is  called  refraction. 

Eefraction,  then,  is  the  deviation  or  bending 
which  a  ray  of  light  undergoes  in  passing  from 
one  medium  into  another.  The  ray  before  refraction  is  called  the  incident  ray; 
thus,  E  G,  (Fig.  32),  is  the  incident  ray.  The  point  at  which  the  ray  is  bent  or 
deviated,  is  called  the  point  of  incidence ;  thus,  G  is  the  point  of  incidence.  The 
ray  after  deviation,  is  called  the  refracted  ray;  thus,  GP  is  the  refracted  ray. 
The  angle  which  the  incident  ray  E  G  makes  with  the  normal  F  H,  at  the  point 
of  incidence  G,  is  called  the  angle  of  incidence,  and  the  plane  of  this  angle  is  called 
the  plane  of  incidence.  The  angle  which  the  refracted  ray  G  P  makes  with  the 
normal  at  the  point  of  incidence  G,  is  called  the  angle  of  refraction,  and  the 
plane  of  the  angle  is  called  the  plane  of  refraction. 

Now,  when  light  passes  from  any  given  medium  into  another  (no  matter 
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what  may  be  the  angle  of  incidence),  it  will  always  conform  to  the  following 
laws : 

1.  The  planes  of  incidence  and  refraction  coincide  ;  both  being  normal  to  the 
surface  separating  the  media  at  the  point  of  incidence. 

2.  The  sine  of  the  angle  of  incidence  is  equal  to  the  sine  of  the  angle  of  refrac- 
tion, multiplied  by  a  constant  quantity  (the  constant  quantity  here  referred  to 
varies  with  the  media,  but  it  is  the  same  for  any  given  media).  This  is  called 
the  index  of  refraction. 

Thus,  let  E  K  F  (Fig.  36)  represent  an  inci-  Fl0' 30 

dent  ray  passing  through  the  air  to  F  (the 
point  of  incidence),  on  the  surface  of  water, 
W  W.  With  F  as  a  centre,  describe  the 
circle  KYG;  FG  represents  the  refracted 
ray;  now  draw  IK  and  GH  perpendicular 
to  the  normal  X  Y.  These  lines  are  the  sines 
of  the  angles  of  incidence  and  refraction,  and 
we  shall  have  (in  the  particular  case  of  air  and 
water),  IK  equal  to  G H,  multiplied  by  1J, 
whatever  may  be  the  inclination  of  E  F ;  thus, 
1$  is  the  index  of  refraction  for  air  and  watei 
refraction  is  1£. 

In  the  former  examples  of  refraction,  the  surfaces  of  the  glass  have  been  con- 
sidered as  parallel  to  each  other. 

Let  ABC  D  (Fig.  37)  represent  another  piece  of  glass  whose  surfaces  are  not 
parallel.  The  ray  of  light  E  F,  striking 
the  first  surface,  A  B,  perpendicularly 
at  F,  obeys  the  law  already  stated,  and 
passes  straight  through  the  glass  until 
it  reaches  the  second  surface,  C  I),  at  G, 
which  not  being  parallel  to  the  fust 
surface,  A  B,  the  ray  is  refracted  in  the 
direction  G  H.  Why  it  should  take  this 
direction,  instead  of  the  direction  G  K, 
will  be  understood  by  reversing  the  fig- 
ure; thus,  the  ray  of  light,  HG  (Fig.  38),  striking  the  first 
surface,  C  D,  obliquely  at  G,  is  turned  towards  the  normal 
K  G,  at  G,  and  passes  in  a  straight  line  through  the  glass  to  F;  but,  on  emerging 
from  the  second  surface  AB,  at  F,  in  a  perpendicular  direction,  its  course  is 


for  air  and  glass,  the  index  of 


Fio.  38. 


A 

F  G 
f 

unchanged ; 


thus  it  continues  on  in  a  straight  line  from  F  to  E. 
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Fig.  39. 


The  cause  of  this  change  of  direction  (or  refraction)  is  believed  to  be  in  the 
change  of  elasticity  of  the  ether,  as  well  as  the  change  of  density  in  one  medium 
and  another,  which  causes  a  change  in  the  velocity  of  the  ray  ;  thus,  the  density 
and  elasticity  of  the  ether  in  the  air,  are  different  from  what  they  are  in  the  glass, 
so  that  the  light  travels  considerably  faster  in  the  former  than  in  the  latter. 

The  refraction  of  a  ray  of  light  is  very  beautifully  proved  by  the  following 
simple  experiment : 

In  the  centre  of  the  bottom  of  an  empty  basin,  A  BCD  (Fig.  39),  place 
a  bright  coin,  E,  and  retire  to  such  a  position  that  the  coin  will  just  be  seen  by 

the  eye  P,  over  the  edge  of  the  basin  at  C.  Now,  retire 
the  eye  still  further,  as  at  Gr,  where  the  coin  will  no  longer 
be  visible.  Here,  let  another  person  pour  water  in  the 
basin  (whilst  the  eye  still  remains  at  G);  as  the  water  is 
poured  in,  the  coin  will  become  visible,  appearing  to  rise 
with  the  water  (as  will  also  the  whole  bottom  of  the 
basin).  The  effect  of  the  water  is  to  refract  the  ray 
coming  from  the  coin,  so  as  to  make  it  meet  the  eye  at  G;  thus,  the  eye  will 
see  the  coin  in  the  direction  of  the  dotted  line  at  H. 

The  course  of  a  ray  of  light  may  be  made  visible,  and  the  bending  of  the 
ray  may  be  distinctly  followed,  by  the  following  beautiful  experiment : 

A  beam  of  light,  A  OB  (Fig.  40),  coming  from  a  hole  in  the  shutter  at  A,  falls 
into  a  glass  vessel  so  as  to  strike  at  B.  On  pouring  in  water  the  ray  will  be 
refracted  at  the  surface  of  the  water,  C,  and  may  plainly  be  seen  taking  the 
fig.  40.  direction  C  D.    The  course  of  the  ray  may 

be  rendered  more  apparent  by  filling  the  air 
with  fine  dust  or  smoke. 

Fig.  41. 


The  effect  of  refraction  has  numerous  applications;  thus,  it  makes  ponds  and 
rivers  (upon  the  bottom  of  which  objects  may  be  seen),  appear  shallower  than 
they  really  are,  and  many  accidents  have  resulted  from  this  illusion.  If  a  stick, 
such  as  the  oar  of  a  boat  (Fig.  41),  be  held  obliquely  in  the  water,  the  portion 
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in  the  water  will  be  refracted,  thus  giving  the  stick  the  appearance  of  being 
bent  or  broken  at  the  surface  of  the  water,  as  shown  at  D  C. 

Eefraction  has  the  effect  of  making  the  heavenly  bodies  appear  higher  than 
they  are,  and  thereby  causing  them  to  appear  to  rise  earlier  and  set  later  than  they 
would  do  were  there  no  atmosphere;  thus,  let  A  (Fig.  42.),  represent  the  eye 


of  the  observer,  and  the  line  AC,  the  sensible  horizon.  A  ray  of  light  coming 
from  the  sun  at  B  (whilst  still  below  the  horizon),  falls  upon  the  upper  surface 
of  our  atmosphere,  and  is  more  and  more  refracted  as  it  penetrates  the  air.  until 
it  reaches  the  eye  at  A,  which,  referring  the  sun  along  the  direction  in  which 
the  ray  enters  the  eye,  sees  it  at  C,  when  it  is  in  fact,  below  the  horizon  ;  and  in 
like  manner  at  sunset,  the  sun  seems  to  be  above  the  horizon  when  it  is  in  reality 
below  it. 

When  light  passes  from  a  rarer  medium  into  a  denser  one,  it  will  a/ways  be 
refracted  without  regard  to  the  angle  in  which  the  ray  enters;  but  this  is  not 
the  case  when  it  passes  from  a  denser  one  into  a  rarer  one;  for  in  this  latter 
case  there  is  a  limit  beyond  which  refraction  ceases  to  take  place. 

Let  ABCD  (Fig.  43)  represent  a  hollow  glass  globe  half  full  of  water.  A  ray 
of  light  coming  from  the  candle  E,  to  F  (A  F  C  being  normal  to  the  surface  of 
the  water),  experiences  no  refraction  there;  but,  on  reaching  F,  if  the  angle  of 
incidence,  E3  F  C,  is  small  enough,  it  will  be  refracted  from  the  normal  and  pass 
out  in  the  direction  FG;  but,  if  the  angle  of  incidence,  lv  FC,  exceeds  41  ,  as 
in  the  case  with  the  ray  K  F,  it  can  no  longer  pass  the  surface  DFB,  but  will 
be  reflected  in  the  direction  FH,  making  the  angle  Iv  F  C  equal  to  the  angle 
C  F  H.  This  kind  of  reflection  at  the  surface  which  separates  two  media,  is  called 
internal  or  total  reflection.  It  is  in  consequence  of  total  reflection  that  we  are  unable 
to  see  the  bottom  of  a  pond  of  water  when  we  look  at  it  very  obliquely,  because 
the  rays  coming  from  the  bottom  towards  the  eye,  do  not  pass  out  into  the  air 
but  are  internally  reflected.    It  is  called  total  reflection  because  the  light  is  all 
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reflected,  which  is  not  the  case  under  &x\y  other  circumstances  of  reflection ; 
no  matter  how  nicely  the  reflecting  surface  may  be  polished. 

Mirage  is  an  atmospheric  phenomenon  due  to  refraction  and  total  reflection.  In 
its  simplest  form  it  consists  of  what  sailors  call  "  looming."  Looming  takes  place 
most  frequently  in  very  hot  or  in  very  cold  countries;  it  is  due  to  different  por- 
tions of  the  atmosphere  becoming  unequally  heated.  Sometimes  a  layer  of  the 
atmosphere  becomes  intensely  heated,  and  appears  to  the  traveller  like  a  lake 
or  pond,  and  to  heighten  this  illusion,  trees  are  often  seen  reflected  from  the 
surfaces  of  these  apparent  ponds. 

Certain  rays  coming  from  the  top  of  the  tree  A  (Fig.  44),  reaching  a  layer 
of  intensely  heated  air  at  B,  are  reflected  to  the  eye  of  the  observer  at  C,  who, 
referring  the  ray  in  the  direction  in  which  it  enters  the  eye,  sees  the  top  of  the 
tree  at  D,  which  causes  the  tree  to  appear  inverted.  In  this  case  both  the  tree 
and  the  image  are  seen,  but  in  the  following  example  (Fig.  45),  the  ray  AB,  from 

Fig.  44. 

c 

Fig.  45. 

D 


Fig.  47. 


the  ship  below  the  horizon  is  refracted  at  B,  to  the  eye  at  C,  which  sees  the 
inverted  image  of  an  invisible  object  situated  in  mid-air.  This  is  due  to  extra- 
ordinary refraction  and  total  reflection. 

A  prism  is  a  refractive  medium  bounded 
by  plane  surfaces  j  it  generally  consists 
fig.  46.  °f  three  surfaces.'  Figure 
46  represents  a  common 
form  of  prism.  It  consists 
of  a  piece  of  glass  from  6 
to  8  inches  longv  having  3  sides  about  l-> 
inches  wide.  Prisms  produce  upon  light 
which  traverses  them,  two  remarkable 
effects  :  1.  A  very  considerable  deviation. 
2.  Decomposition  of  light  into  several  colors. 
I  shall  at  present  only  consider  the  former. 


These  effects  are  simultaneous,  but 
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Let  ABC  (Fig.  47)  represent  the  edge  of  a  prism;  D  B  will  be  normal  to  the 
surface  A  C,  whilst  E  C  will  be  normal  to  the  surface  A  B.  A  ray  of  light  from 
a  candle,  F,  falling  upon  the  surface  A  B,  will  be  refracted  towards  the  normal  E  C, 
and  passing  through  the  glass,  will,  upon  emerging,  again  be  refracted  from 
the  normal  DB,  in  the  direction  of  the  eye  at  G,  which  will  cause  the  candle  F 
to  appear  to  be  situated  at  H. 

A  lens  is  a  refractive  medium  bounded  by  curved  surfaces,  or  by  one  curved 
surface  and  one  plane  surface.  Lenses  are  usually  made  of  glass,  and  are  bounded 
almost  invariably  by  spherical  surfaces,  or  by  one  spherical  and  one  plane 
surface.  Not  indeed  because  this  is  the  best  form  to  make  them,  but  because  it  is 
by  far  the  easiest  way  to  grind  them. 

Lenses  are  of  six  forms,  and  are  named  after  the  form  they  assume  (Fig.  48) 
1.  A  double  convex;  convex  on  both  sides.  2.  A  plano-convex  ;  one  side  plane 
(or  flat)  and  one  side  convex.  Flo.  & 

3.  Meniscus;  concave  on  one 
side  and  convex  on  the  other. 

4.  A  double  concave ;  concave 
on  both  sides.  5.  A  plano-con- 
cave ;  concave  on  one  side  and 
plane  on  the  other.  6.  Con- 
cavo-convex; concave  on  one  1234  6 
side  and  convex  on  the  other;  the  convex  side  being  the  least  curved. 

In  studying  the  nature  of  concave  and  convex  mirrors,  I  treated  the  reflecting 
surfaces  as  portions  of  a  sphere;  the  same  rule  applies  in  treating  the  surfaces 
of  lenses. 

Let  ABC  (Fig.  49)  represent  a  sphere,  of  which  the  plano-convex  lens  A  B, 
forms  a  portion.  The  centre  of  the  sphere,  D,  it  is  obvious,  is  the  centre  of 
the  curved  surface  of  the  lens  A  B.  Such  a  centre,  then,  is  called  the  centre  of 
curvature.  Parallel  rays  of  light  falling  upon  Pi«.». 
the  curved  surface  of  a  plano-convex  lens,  are 
refracted,  and  brought  to  a  focus  at  a  point 
on  the  opposite  side  of  the  sphere  of  which 
the  lens  forms  a  part,  and  also  on  the  axis  of 
the  lens;  such  a  focus  is  called  its  principal 
focus,  and  its  distance  from  the  lens,  is  called 
its  focal  length.  A  double  convex  lens  has  its 
centres  of  curvature  on  opposite  sides  of  the 
lens.  The  shape  of  a  double  convex  lens  is  that  of  two  plano-convex  lenses 
with  their  plane  faces  in  contact,  and  by  referring  to  Figures  49  and  50,  it  will 
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be  readily  understood  that  the  effect  of  a  double  convex  lens  is  to  bring  parallel 
rays  to  a  focu&  at  half  the  distance  of  a  plano-convex  lens;  and  consequently  the 
rays  are  brought  to  a  focus  at  the  centre  of  curvature  A  (Fig.  50). 


Fig.  50.  Fig.  51. 


To  find  a  normal  at  any  point  on  the  surface  of  a  lens,  it  is  only  necessary  to 
draw  a  line  from  that  point  to  the  corresponding  centre  of  curvature  ;  thus,  the 
dotted  lines  X  Y  and  Y  W  (Fig.  51)  are  normals  at  the  point  Y  and  X. 

To  find  the  optical  centre  of  a  lens,  it  is  only  necessary  to  draw  from  one 
centre  of  curvature  A  (Fig.  52),  the  line  A  B  in  any  direction  through  the  lens 
to  the  opposite  surface  B,  and  from  the  other  centre  of  curvature  C,  to  draw 
C  D  parallel  to  AB.  From  the  point  B,  where  the  line  AB  meets  the  surface, 
to  the  point  D,  where  the  line  C  D  meets  the  opposite  surface,  we  draw  the  line 
E  F  ;  and  the  point  where  such  line  cuts  the  axis  A  C,  will  be  the  optical  centre ; 
as  at  O. 


In  the  above  example,  the  optical  centre  falls  inside  the  lens  ;  but  in  a  meniscus 
the  case  is  different ;  yet  the  formula  is  precisely  the  same  :  From  the  centre  of 
curvature,  A  (Fig.  53),  of  the  inner  surface,  draw  the  line  AB,  in  any  direction 
through  the  lens,  to  the  opposite  surface  B,  and  from  the  centre  of  curvature  C 
(of  the  outer  surface),  draw  the  line  C  D  parallel  to  the  line  A  B ;  -from  the  point 
B,  where  the  line  AB  meets  the  surface,  to  the  point  D,  where  the  line  CD 
meets  the  surface,  draw  the  line  E  F  through  these  points  to  the  axis  A  X,  and 
the  point  where  such  line  cuts  the  axis  will  be  the  optical  centre,  as  at  O.  In 
this  example  the  optical  centre  falls  outside  the  lens. 
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All  lines  that  pass  through  the  lens,  and  also  through  the  optical  centre,  are 
called  transversals;  and  all  rays  which  pass  through  the  lens  along  this  path 
emerge  from  the  lens  parallel  to  their  original  direction;  thus  C  D  and  E  F  (Fig. 
54)  (dotted  lines),  are  transversals ;  and  the  rays  X  and  \V  strike  the  lens  so  that 
they  follow  the  path  of  these  transversals,  consequently  they  emerge  at  Y  and  Z 
parallel  to  their  original  direction.    Again,  let  E  M  and  G  M  (Fig.  55)  represent 


Fig.  55 

h/  J, 

nJII 

transversals  ;  any  rays,  such  as  II  and  J,  striking  the  lens  at  such  an  angle  as  to 
follow  these  transversals,  will  upon  emerging  continue  in  a  direction  parallel  to 
their  original  course,  as  represented  at  K  and  I. 

Now,  if  the  incident  rays  A  A  A  A  (Fig.  56)  be  pro-  11  v> 

longed,  they  will  converge  to  a  point,  B,  on  the  axis 
of  the  lens  ;  such  a  point  is  called  the  centre  of  admis- 
sion; and  if  the  emerging  rays  DDDD  be  also 
prolonged,  they  will  meet  at  a  point,  C,  on  the  axis  of 

Fio.  57. 


the  lens;  and  such  a  point  is  called  the  centre  of  emission.  It  will  also  be  ob- 
served in  this  example,  that  the  incident  rays  A  A  A  A,  on  striking  the  surface  of 
the  lens,  follow  the  path  of  the  transversals,  and  consequently,  upon  emerging, 
they  do  so  parallel  to  their  original  course. 

The  focus  of  a  lens,  then,  for  parallel  raj-s,  is  called,  as  I  have  said,  the  prin- 
cipal focus ;  but  when  the  rays  are  not  parallel,  but  diverge  from  a  point  and  pass 
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through  a  lens,  they  are  brought  to  focus,  depending  entirely  upon  the  distance 
of  the  radiant  from  the  lens. 

Observe  the  pencil  of  rays  from  the  radiant  A  (Fig.  57),  passing  through  the 
lens  B  C,  are  not  brought  to  a  focus  at  the  principal  focus  F,  but  at  a  point 
beyond  this,  where  the  image  appears  inverted.  From  the  above  we  deduce : 
1.  When  the  radiant  is  on  the  axis  of  the  lens,  and  at  an  infinite  distance  (X  e. 
parallel  rays),  the  focus  is  at  the  principal  focus.  2.  When  the  radiant  is  on  the 
axis  and  at  a  greater  distance  than  the  principal  focus,  the  corresponding  focus 
will  be  at  a  greater  distance  from  the  lens  than  the  principal  focus.  3.  If  the 
radiant  approach  the  lens  the  corresponding  focus  will  recede  from  it.  4.  If  the 
radiant  is  at  the  principal  focus  the  refracted  rays  will  be  parallel.  Such  two 
points  in  relation  to  one  another  are  called  conjugate  foci.  These  principles  are 
of  use  in  discussing  the  images  formed  by  lenses. 

In  order  that  the  course  pursued  by  pencils  of  rays,  proceeding  from  an  object 
and  passing  through  a  lens,  may  be  easily  traced,  it  is  only  necessary  to  con- 
sult the  following  figures.  Observe  that  the  arrow  is  necessarily  inverted,  and 
that  those  rays  which  traverse  the  central  point  of  the  lens,  pass  nearly  straight 
through. 

If  an  object,  AB  (Fig.  58),  be  placed  in  front  of  a  lens,  CD,  each  point  may 


Fig.  58.  Fig.  59. 


be  regarded  as  a  radiant  sending  out  pencils  of  rays.  Each  pencil  is  brought  to 
a  focus  behind  the  lens,  as  at  E  F.  The  assemblage  of  these  foci  make  up  a  pic- 
ture of  the  object,  which  is  called  its  image.  When  the  object  A  B  is  further  from 
the  lens  than  twice  the  principal  focus,  the  image  EF  will  be  smaller,  inverted, 
and  real  (that  the  image  is  real  may  be  shown  by  throwing  it  upon  a  screen). 
So  long  as  the  image  is  real  it  is  inverted.  When  the  object  AB  is  at  just  twice 
the  focal  distance,  the  image  EF  will  be  of  the  same  size  as  the  object.  When 
the  object  A  B  is  less  than  twice  the  principal  focus,  though  greater  than  the 
principal  focus,  the  image  E  F  will  be  larger  than  the  object.  Thus,  let  the  candle 
A  B  (Fig.  59)  be  placed  in  front  of  the  lens  E  F,  and  let  there  be  a  screen  to 
receive  the  image  C  D,  opposite  the  candle  ;  if  the  candle  be  moved  towards  the 
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lens  the  image  will  grow  larger.  When  the  candle  is  at  the  principal  focus  the 
image  is  infinite,  or  in  other  words  the  image  disappears.  But  if  the  candle  is 
approached  still  nearer,  the  image  will  become  erect,  and  furthermore,  it  will  be 
virtual.  But  in  this  case  the  image  can  only  be  seen  by  looking  through  the  lens, 
when  the  eye  beholds  the  image  erect  and  magnified.  The  phenomenon  I  have 
just  described  may  be  observed  by  looking  through  a  convex  lens  at  some  letters 
on  a  printed  page.  When  the  letters  are  at  a  short  distance  from  the  lens,  they 
are  magnified  and  erect ;  on  removing  the  lens  they  disappear  at  the  principal 
focus,  and  finally  reappear  inverted  and  diminished  in  size. 

Thus,  the  rays  from  the  candle  A  B  n&.eo. 
(Fig.  60)  are  refracted  to  the  eye  in  the 
direction  of  the  dotted  lines,  and  the 
eye  referring  the  image  along  these 
lines  at  CD,  beholds  this  image  erect 
and  magnified. 

Concave  lenses  being  opposite  in 
every  respect  to  convex  lenses,  produce 
opposite  results ;  thus,  the  images  form- 
ed by  concave  lenses  are  always  smaller,  always  erect,  and  always  virtual.  Observe 
that  the  rays  from  the  candle  AB  (Fig.  61)  strike  the  lens  at  various  angles; 
some  are  so  refracted  that 
they  fail  to  meet  the  eye 
(as  E  F  H  (x),  and  only 
those  which  approach  the 
centre  of  the  lens  are  led 
to  the  eye,  which,  conse- 
quently, sees  the  image  under  a  small  angle, 
gives  the  idea  of  distance. 


Fio.  61. 


where 


diminished 


DECOMPOSITION   OF  LIGHT. 


It  will  be  remembered  that  in  speaking  of  prisms,  I  said,  prisms  produce 
upon  light  which  traverses  them  two  remarkable  effects  :  1.  A  considerable  devi- 
ation. 2.  A  decomposition  of  light  into  different  colors.  When  a  ray  of  solar  light 
passes  through  a  prism,  it  is  not  only  deviated,  but  it  is  decomposed  into  rays, 
which  are  scattered  and  of  different  colors.  The  property  which  a  refractive 
medium  possesses  of  decomposing  and  scattering  solar  light,  is  called  its  disper- 
sive power,  and  the  phenomenon  is  called  dispersion. 
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A  beam  of  solar  light,  A  (Fig.  62),  entering  a  hole  in  a  shutter  of  a  darkened 
room,  and  suffered  to  fall  upon  a  prism  at  B,  instead  of  forming  a  circular  spot 
fig.  62.  at  C,  as  it  would  have  done  had 

v  there  been  no  prism  interposed, 
g  the  beam  is  refracted  upwards, 
g  and  at  the  same  time  separated 
o  into  seven  distinct  colors,  as  may 
be  seen  by  receiving  them  on  a 
screen,  where  they  form  an  elon- 
gated image  or  colored  band, 
YIBGYOK.  This  colored  band 
is  called  the  solar  spectrum,  and,  reckoning  from  below,  upwards,  the  following 
is  the  order  of  colors :  red,  orange,  yellow,  green,  blue,  indigo,  and  violet.  Sir 
Isaac  Newton  first  succeeded  in  proving  the  composition  of  light. 

This  separating  of  the  different  colored  rays  is  caused  from  the  fact  of  their 
having  different  degrees  of  refrangibility ;  and  upon  examining  the  position  of 
the  colors  in  the  figure,  it  will  be  seen  that  the  red  ray  is  the  least  refracted,  and 
that  the  violet  is  the  most  so.  In  order  to  prove  that  the  mixture  of  these  colored 
rays  reproduces  white  light,  we  have  only  to  introduce  another  prism,  having  its 
refractive  angle  turned  in  a  direction  contrary  to  the  receiving  prism,  to  catch 
the  scattered  rays  (Fig.  63),  when  they  will  immediately  become  recomposed 

and  pass  out  as  white  light. 
This,  you  will  readily  un- 
derstand, is  nothing  more 
than  passing  light  through 
a  medium  bounded  by  par- 
allel sides.  If  any  one  of  the  seven  colored  rays,  be  allowed  to  pass  through  a 
hole  in  a  screen,  and  to  fall  upon  a  prism,  it  will  be  deviated  as  before,  but  no 
further  dispersion  will  take  place.  This  fact  is  expressed  by  saying:  the  colors 
of  the  spectrum  are  simple  colors.  Provide  a  stout  disk  of 
card-board,  painted  as  in  Figure  64,  the  colors  being  disposed 
and  tinted  as  in  the  solar  spectrum  ;  it  will  be  found  that  upon 
causing  the  disk  to  revolve  rapidly,  the  separate  colors  will 
blend  into  a  single  one,  a  dirty  white.  The  reason  of  this  is> 
that  any  color  will  remain  for  an  instant  on  the  retina  of  the 
eye  (after  it  is  covered  or  removed),  hence  a  fire-brand  whirled 
rapidly  around  appears  as  a  circle  of  fire.  Two  revolving 
colors  will  thus  blend  so  as  to  seem  the  medium  between  them,  and  so,  if  all  the 
colors  on  the  card-board  are  blended  by  this  means,  the  result  will  be  white. 
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Fig.  65. 


The  reason  why  the  result  is  not  pure  white  is,  on  account  of  the  difficulty  of 
painting  and  blending  the  colors  accurately  enough. 

It  is  the  more  general  opinion,  that  light  is  composed  of  but  three  colors,  viz., 
red,  yellow,  and  blue,  and  that  the  others  are  merely  the  result  of  their 
overlapping. 

Sir  Isaac  Newton,  after  his  great  discovery,  was  able  to  explain  the  rainbow 

on  optical  principles.  Let  ABC  (Fig.  65)  repre- 
sent a  prism  suspended  in  the  air;  a  beam  from 
the  sun  S,  striking  the  surface  A,  will  be  refracted 
(and  at  the  same  time  decomposed)  to  the  side  B ; 
the  ray  will  now  be  reflected  to  the  side  C,  when 
it  will  again  suffer  retraction,  and  on  passing  out, 
to  an  observer  at  V,  the  ray  will  appear  violet. 
Now,  if  the  prism  be  gradually  depressed,  or  the 
eye  gradually  raised,  all  the  prismatic  colors  will 
be  seen  in  their  turn.  Fio  m 

The  colors  in  the  rain- 
bow being  disposed  in 
the  same  manner  as  in 
the  solar  spectrum,  ma- 
terially indicate  that 
the  cause  of  the  ap- 
pearance of  the  rain- 
bow is  duo  to  refraction  and  dispersion.  Let  ABC  (Fig.  66)  represent  a 
globe  of  glass,  or  a  drop  of  water  (for  a  drop  of  water  will,  as  it  falls  through 
the  air,  assume  a  spherical  form),  a  ray  of  light  from  the  sun  at  S,  on  entering 
the  drop  at  A,  is  decomposed  into  its  primary  colors,  and  is,  at  the  same  time, 
refracted  in  the  direction  A  to  B.  From  the  inner  surface  of  the  drop  the  ray 
is  internally  reflected  to  C,  the  angle  of  reflection  being  equal  to  the  angle  of 
incidence;  and  on  passing  out  of  the  drop,  the  ray  would  again  be  refracted  to 
the  eye  at  E.  A  well-defined  spectrum  will  not,  however,  be  formed  by  the 
drop,  because  its  shape  is  such  as  to  disperse  some  of  the  rays  and  converge 
others;  but  the  eye,  by  taking  different  positions  in  respect  to  the  drop,  will 
observe  alternately  the  various  prismatic  colors.  From  this  it  is  evident  that 
if  the  eye  of  the  spectator  is  moved  to  another  position  he  will  no  longer  see 
the  red  ray  but  the  blue  ;  and  in  another  position  the  green,  and  so  on.  But  in 
a  shower  of  rain  there  are  drops  at  all  heights  and  directions,  and  though  they 
perpetually  change  their  places  in  respect  to  the  sun  and  the  eye,  still  there  will 
be  many  which  will  be  in  such  a  position  as  to  reflect  the  red  rays  to  the  eye, 
and  as  many  more  to  reflect  the  other  colors. 
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I  have  said  that  the  rays  of  light  coming  from  the  sun  are  so  very  remote 
that  they  may  be  considered  as  parallel ;  such  rays,  after  suffering  refraction  and 
reflection,  will  be  brought  to  the  eye  at  a  given  point,  where  all  the  colors  may 
be  seen  at  once  (see  Fig.  67). 

Fig.  68. 


R 


After  what  has  been  explained,  it  follows,  then,  if  we  change  our  position 
whilst  looking  at  a  rainbow,  we  still  see  a  bow,  but  not  the  same  one,  and  if  there 
are  many  spectators  they  will  all  see  a  different  rainbow,  though  it  appears  to  be 
the  same. 

Analysis  shows  that  it  is  only  at  certain  angles  that  the  refracted  rays  emerge 
with  sufficient  intensity  to  affect  the  eye  with  color;  hence,  as  the  sun  declines, 
the  bow  rises,  and  at  sunset  it  becomes  a  semicircle.  In  looking  down  into  spray 
with  the  back  to  the  sun,  a  complete  circular  rainbow  may  be  seen.  The  bow 
that  I  have  described,  is  called  the  primary  bow,  and  the  colors  in  it  are  arranged 
in  the  order  of  the  prismatic  colors ;  the  red  being  on  the  outside.  Another 
bow  is  often  seen,  concentric  with  the  primary  bow,  which  is  called  the  secondary 
bow.  This  bow  is  formed  by  the  light  which  enters  the  drops  being  refracted, 
and  then  twice  internally  reflected.  The  result  of  such  a  bow  is  similar  to  the 
first,  excepting  that  the  colors  are  arranged  in  a  reverse  order;  the  red  being 
on  the  inside.  The  inversion  of  the  colors  arises  from  the  additional  reflection  that 
the  light  experiences  (see  Fig.  68),  and  owing  to  the  loss  of  a  portion  of  the  light; 
in  consequence,  the  secondary  bow  is  not  so  brilliant  as  the  primary  bow. 

COLORS  OF  BODIES. 
The  color  of  a  body  may  be  temporary  or  permanent. 

Temporary  color  arises  from  some  modification  of  the  light  of  a  transient 
character ;  thus,  by  refraction  certain  drops  of  water  in  the  rainbow  are  colored. 
The  color  of  these  drops,  as  already  explained,  is  due  to  their  position  in  respect 
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to  the  eye  and  the  sun.  The  color  of  soap-bubbles  is  dependent  upon  interfer- 
ence (to  be  hereafter  explained),  and  is  transitory.  The  color  of  finely  grooved 
surfaces  is  also  due  to  interference.  These  colors  are  independent  of  the  physi- 
cal constitution  of  the  body  and  depend  solely  upon  the  fineness  and  shape  of 
the  grooves. 

The  11  play  of  colors"  in  mother  of  pearl,  is  due  to  fine  grooves  or  strice.  This 
may  be  proved  by  taking  an  impression  of  a  piece  with  wax ;  the  colors  of  the 
wax  thus  prepared,  are  entirely  analogous  with  those  of  the  mother  of  pearl 
from  which  the  impression  was  made. 

With  respect  to  the  cause  of  permanent  colors  opinion  is  divided.  Newton 
held  that  bodies  had  the  power  of  absorbing  certain  of  the  rays  of  the  spectrum 
and  reflecting  others ;  thus,  vermilion  is  supposed  to  have  the  power  of  re- 
flecting only  the  red  rays,  whilst  the  others  are  absorbed.  Arago  held  that 
the  colors  of  bodies  arose  from  light  admitted  into  the  body,  and  then  emitted 
undergoing  certain  modification.  According,  then,  to  this  theory,  color  will  de- 
pend upon  the  molecular  condition  of  the  body,  and  that  color  is  a  modification 
of  light  entirely  analogous  to  that  of  sound  which  we  call  tone. 

All  transparent  bodies  absorb  more  or  less  light,  and  if  sufficiently  thick  must 
appear  colored;  their  color,  then,  will  be  due  to  that  part  of  the  light  which  is 
transmitted.  In  the  case  of  red  glass,  for  instance,  all  of  the  colored  rays 
except  the  red  are  absorbed,  and  the  red  rays  being  permitted  to  pass  through 
the  glass,  will  appear  red;  water  in  masses  appears  green;  air,  blue,  &c.  At 
sunrise  and  at  sunset  the  rays  of  the  sun  have  to  pass  through  a  great  body  of 
the  atmosphere  which  absorbs  most  of  the  rays  except  the  red ;  hence  it  is  that 
the  sun  appears  red. 

COMPLEMENTARY  COLORS. 

Any  two  colors  are  complementary  when,  by  their  mixture,  they  produce  white. 
If  all  the  rays  of  the  spectrum  except  the  red,  be  recomposed  by  a  convex  lens 
a  bluish-green  color  will  bo  the  result ;  thus,  we  say  red  and  green  are  comple- 
mentary. In  like  manner  we  have  blue  and  orange,  violet  and  yellow.  The 
following  experiments  may  be  found  interesting. 

Experiment  1.  Place  a  red  wafer,  or  a  disk  cut  out  of  red  paper,  on  a  sheet 
of  white  paper;  look  at  it  intently  for  some  time  with  one  eye;  suddenly  direct 
the  eye  to  another  part  of  the  paper,  when  a  spectral  image  of  the  wafer  will 
be  perceived  of  a  bluish-green  color. 

Experiment  2.  Repeat  the  experiment  with  a  bluish-green  wafer  and  the 
spectral  image  will  be  red.    Such  images  are  called  accidental  images. 
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Experiment  3.  Place  six  or  eight  wafers  of  the  same  color  in  a  row  on  a  piece  of 
white  paper  and  examine  them  one  after  another.  The  eye  soon  becomes  weary, 
and  in  consequence  of  the  accidental  complementary  colors  being  formed,  the 
last  wafers  viewed  will  appear  of  a  different  shade  from  the  first. 

Experiment  4.  View  intently  these  colored  wafers  on  a  colored  paper,  when 
the  tint  of  the  wafers  will  become  changed  by  the  accidental  color  of  the  paper; 
and  when  the  paper  is  complementary  to  the  color  of  the  wafer,  they  render 
each  other  more  brilliant;  on  the  contrary,  if  the  wafer  and  the  paper  are  of  a 
similar  color,  but  of  a  different  shade,  they  render  each  other  less  brilliant. 
These  facts  are  considered  in  the  occupation  and  choice  of  colors  in  the  arts. 

Experiment  5.  If  the  setting  sun,  which  is  red,  be  viewed  for  some  time,  and 
then  the  eyes  be  directed  to  a  white  wall,  a  green  image  of  the  sun  will  be  seen, 
which  will  last  for  some  instants,  when  a  red  image  will  appear;  a  second  green 
image  succeeds  it,  and  so  on  until  the  effect  entirely  ceases. 

Experiment  6.  If  we  look  for  some  time  at  a  colored  object  on  a  white  ground? 
,we  shall  finally  observe  the  object  surrounded  by  a  fringe  whose  color  is  comple- 
mentary to  that  of  the  object ;  such  fringes  are  called  accidental  fringes.  Shadows 
cast  upon  a  wall  by  the  rising  or  setting  sun  are  tinged  green,  the  tint  of  the 
sun  being  red  at  that  time. 

Sir  W.  Herschel  discovered,  by  placing  a  small  thermometer  in  different  por- 
tions of  the  solar  spectrum,  that  the  intensity  of  heat  steadily  increased  from 
the  violet  to  the  red  extremity,  and  he  still  further  discovered  that  if  the  ther- 
mometer be  brought  entirely  out  of  the  red  ray,  and  where  there  is  no  light 
whatever,  it  stands  still  higher  than  it  did  in  the  red  ray.  From  this  a  most 
important  conclusion  is  drawn,  namely:  that  the  light  and  heat  existing  in  the 
sunbeam  are  distinct  and  independent  agents,  and  that  by  such  processes  as  we 
are  considering,  they  may  be  perfectly  separated  from  each  other.  It  was  dis- 
covered by  some  of  the  alchemists,  centuries  ago,  that  chloride  of  silver  turned 
black  on  exposure  to  light;  but  if  a  piece  of  silvered  paper  be  exposed  in  the 
solar  spectrum  it  does  not  blacken  with  equal  promptitude  in  each  of  the  colored 
spaces.  The  effect  takes  place  most  rapidly  among  the  more  refrangible  colors, 
and  especially  in  the  violet.  Now,  as  in  the  case  of  the  heat  beyond  the  red 
ray,  the  blackening  effect  of  the  paper  extends  far  beyond  the  violet  ray  where 
the  eye  can  discover  no  trace  of  light  whatever. 

I  have  stated,  under  the  head  of  Acoustics,  that  the  subject  of  sound  has 
been  investigated  with  respect  to  the  number  of  vibrations,  corresponding  to  the 
loudest  and  lowest  sounds  perceptible  by  the  human  ear;  the  result  is,  that  the 
gravest  perceptible  sound  was  produced  by  16  vibrations  per  second  (a  less 
number  than  this  would  fail  to  produce  any  sensation  of  sound  on  the  ear),  whilst 
the  most  acute  was  48,000  per  second  (a  greater  number  than  this  would  also  be 
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imperceptible).  Now,  the  vibrations  of  a  ray  of  red  light  are  475,000,000,000,000 
per  second,  and  from  the  heating  effects  beyond  the  red,  we  know  of  vibrations 
which  being  less  than  458,000,000,000,000  fail  to  produce  the  sensation  of  sight. 
So  also,  then,  the  vibrations  of  a  ray  of  violet  light  are  727,000,000,000,000  per 
second,  and  from  the  chemical  action  beyond  the  violet  we  know  of  rays  vibrating 
still  faster  yet  producing  no  effect  on  the  eye.  We  are  therefore  led  to  conclude 
that  there  exists  in  the  sunbeam  an  agent  capable  of  producing  chemical  effects 
which  exerts  no  action  on  the  thermometer,  which  cannot  be  perceived  by  the 
eye,  and  which  is  neither  heat  nor  light.  Some  recent  experiments  seem  to  show 
that  when  the  invisible  rays  beyond  the  violet  are  caused  to  pass  through  a  solution 
of  quinine  they  are  changed  in  refrangibility  and  become  visible;  and  that  under 
certain  circumstances,  beyond  the  red  ray,  a  crimson  tint  has  been  observed.  This 
phenomenon  has  been  termed  the  degradation  of  light.  To  the  three  rays  which 
constitute  white  light,  have  been  given  the  following  terms:  the  red  rays  are 
called  the  heating  rays  ;  the  yellow  rays  are  called  the  visual^  rays  ;  and  the  violet 
rays  are  called  the  chemical  or  actinic  rays.  Each  of  these  three  principles,  heat, 
light,  and  actinism,  exercises  a  distinct  influence  on  vegetation.  The  luminous 
principle  controls  the  growth  and  coloration  of  plants;  the  heat  principle,  their 
ripening,  &c. ;  and  the  actinic,  the  germination  of  seeds. 


INTEKFERENCE  OF  WAVES  OF  LIGHT. 


When  the  solar  spectrum  is  formed  by  means  of  a  prism  upon  a  screen,  it 
appears,  as  I  have  said,  like  a  continuous  band  of  colored  light.  By  taking 
certain  precautions,  however,  it  may  be  seen  that  this  luminous  band  is  traversed 
in  the  direction  of  its  breadth  by  numerous  dark  lines,  varying  in  different  parts 
in  width  and  distinctness  ;  or,  in  other  words,  there  are  interruptions  in  the  spec- 
trum where  there  is  no  light  of  any  color.  These  lines  are  independent  of  the 
refractive  medium,  and  they  always  occur  in  the  same  color  and  at  corresponding 
points  of  the  spectrum. 

By  the  length  of  a  wave  upon  water  I  mean  the  distance  that  intervenes 
from  the  crest  of  one  wave  to  that  of  the  next,  or  from  depression  to  depression; 
thus,  from  A  to  D  (Fig.  69),  or  what  is  the  same,  from 

C  to  B,  constitutes  the  length  of  a  wave.    In  the  case     ^  ^ — — 

with  sound  the  length  of  the  waves  determines  the  tone  c  b 
or  pitch.  In  the  case  with  light  the  length  of  the  waves  determines  the  color. 
It  has  been  found  that  the  longer  waves  give  rise  to  red  light,  and  the  shorter 
ones  to  violet.  Two  rays  of  light,  no  matter  how  brilliant  they  may  be  sepa- 
rately, may  be  brought  together  under  suc  h  relations  to  one  another  as  to 
destroy  each  other's  effects  and  produce  darkness. 
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In  the  case  of  two  sets  of  waves,  ABC  and  DBE  (Fig.  70),  where  they  cross 
each  other  at  B,  the  convexity  of  one  crossing  the  convexity  of  the  other  inter- 


ference takes  place;  but  in  the  case  of  two  sets  of  waves,  ABC  and  D  BE  (Fig. 
71),  the  convexity  of  one  corresponding  with  the  concavity  of  the  other  no 
interference  takes  place.  Upon  these  principles  we  can  account  for  the  remark- 
able results  of  the  following  experiment. 

By  means  of  a  double  convex  lens,  AB  (Fig.  72),  of  short  focus,  the  rays  of 

the  sun  are  converged  and  pass  through  a 
pin-hole,  P  j  in  these  rays  place  the  obstacle 
O  (which  we  will  suppose  a  cylindrical  piece 
of  wire  with  its  end  towards  you,  as  shown 
in  the  figure),  and  beyond,  at  a  little  distance, 
place  a  screen  of  white  paper,  C  D,  to  receive 
the  shadow.  It  might  be  supposed  that  this 
shadow  should  be  of  a  magnitude  included 
between  X  and  Y,  because  the  rays  YX  and 
WY,  which  pass  the  sides  of  the  obstacle,  im- 
pinge on  the  screen  at  those  points.  It  might 
be  further  supposed,  that  within  the  space 
XY  the  shadow  should  be  uniformly  dusky  or 
dark;  but,  upon  examination,  such  will  not 
be  found  the  case;  the  shadow  will  be  found 
to  consist  of  a  series  of  light  and  dark  stripes 
as  represented  at  SS  (being  a  front  view  of 
the  screen).  In  the  middle  at  E  there  will  be  a  white  stripe;  this  is  succeeded 
on  each  side  by  a  dark  stripe;  these  again  by  white  ones,  and  so  on  alternately 
throughout  the  shadow.  Upon  the  undulatory  theory  all  this  is  readily  explained ; 
for  it  is  plain  that  the  two  series  of  waves  YE  and  WE  have  gone  through  paths 
of  equal  length,  and  when  they  encounter  at  E  no  interference  takes  place;  but, 
when  the  series  of  waves  Y  F  and  W  F  have  come  through  different  paths  (as 
Y  ¥  is  evidently  shorter  than  VV  F),  and  if  this  difference  be  equal  to  half  a  wave 
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they  will  interfere  and  destroy  each  other,  and  a  dark  stripe  will  be  the  result. 
Beyond  this  point,  at  Gr,  the  series  of  waves  Y  G  and  W  Gr  are  unequal  in  length 
it  is  true,  but,  if  this  difference  is  equal  to  the  length  of  one  whole  wave,  they 
will  not  interfere,  and  a  white  stripe  results.  Eeasoning  in  this  manner  we  can 
see  that  the  interior  of  such  a  shadow  consists  of  light  and  dark  stripes  alter- 
nately; light  stripes  when  the  series  of  waves  are  equal,  or  differ  from  each  other 
by  1,  2,  3,  4,  &c,  waves ;  and  dark  when  the  difference  between  them  is  equal  to 
1J,  2],  3£,  &c,  waves.  That  it  is  the  interference  of  the  light  coming  from 
opposite  sides  of  the  obstacle  which  is  the  cause  of  this,  is  proved  by  the  circum- 
stance, that  if  we  place  an  opaque  screen  on  one  side  of  the  obstacle,  so  as  to 
prevent  the  light  from  passing  on  that  side,  all  the  stripes  will  immediately  dis- 
appear on  the  other  side.  By  this  experiment  we  might  be  enabled  to  determine 
the  length  of  a  wave  of  light  by  measuring  the  distance  from  V  F  and  W  F,  or 
from  the  sides  of  the  obstacle  to  the  first  light  stripe  from  the  central  one;  for  at 
that  point  the  difference  between  those  two  lines,  V  F  and  W  F,  is  equal  to  the 
length  of  one  wave.  If  we  employ  the  second  bright  stripe,  the  difference  would 
be  equal  to  two  waves.  Now,  instead  of  using  white  light,  we  use  colored  light, 
such  as  red,  yellow,  and  violet  in  succession,  we  shall  find  that  the  wave-length 
determined  by  this  process  differs  in  each  case ;  that  is,  the  greatest  in  the  red, 
and  smallest  in  the  violet.  By  exact  calculation,  upon  methods  far  more  com- 
plicated than  the  limits  of  this  article  will  allow,  it  has  been  found  that  the  dif- 
ferent colored  rays  of  light  have  waves  of  the  following  length.  Suppose  an  inch 
to  be  divided  into  10,000,000  equal  parts,  and  of  those  parts  the  wave-lengths  are  : 
For  red,  256;  orange,  240;  yellow,  227;  green,  211;  blue,  19G;  indigo,  185;  and 
violet,  174.  From  this  it  is  proved  that  the  different  colors  of  light  arise  in  the 
ether  from  its  being  thrown  into  waves  of  different  lengths. 

Knowing  the  rate  at  which  light  is  propagated,  and  the  length  of  a  particular 
wave,  we  can  readily  tell  the  number  of  vibrations  executed  in  a  second  by  di- 
viding 192,000  miles,  the  rate  of  propagation,  by  the  wTave-length.  From  this  it 
appears  that  if  a  single  second  of  time  be  divided  into  one  million  of  parts,  a 
wave  of  red  light  trembles  or  pulsates  475  millions  of  times  in  that  inconceivably 
short  interval;  and  a  wave  of  violet  light  vibrates  727  millions  of  times.  Thus, 
allowing  1760  yards  to  a  mile,  we  have  5280  feet  =  63,360  inches;  now'dividing 
these  inches,  each,  into  ten  million  equal  parts,  wre  get  633,600,000,000  parts  in 
one  mile  ;  next  we  multiply  this  by  192,000  miles  (the  rate  of  propagation  of  light), 
we  have  121,651,200,000,000,000  parts;  finally,  we  divide  this  by  256  (the  number 
of  vibrations),  and  we  arrive  at  the  astounding  conclusion,  that  a  ray  of  red  light 
pulsates  at  the  enormous  rate  of  475,200,000,000,000,  or  475  millions  of  millions 
of  times  in  one  little  second  of  time. 
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DISPEKSION  OF  LENSES. 

The  outer  edges  of  a  biconvex  lens  act  in  the  same  manner  as  a  prism  on  the 
rays  of  light  which  pass  through  them,  and  thus  the  rays  of  light  which  fall  on 
these  portions  of  the  lens  are  decomposed  into  colored  rays  of  different  degrees 
of  refrangibility.  The  luminous  image  formed  by  means  of  such  a  lens  is,  in  con- 
sequence, bounded  by  colored  fringes.  The  action  of  a  prism  in  separating  the 
rays  of  white  light  into  colored  ones,  has  already  been  explained;  the  violet  ray 
being  more  refracted  than  the  yellow,  and  still  more  than  the  red,  the  foci  for  the 
colored  rays  must  be  all  at  different  points  along  the  axis,  and  this  gives  rise  to 
a  multitude  of  images  of  different  colors,  which,  by  superposition,  produce  a 
single  image  slightly  indistinct  and  fringed  with  all  the  colors  of  the  spectrum. 
This  scattering  of  the  colored  rays  to  different  foci  is  called  chromatic  aberration. 
It  is  evident  here  that  the  visual  focus,  which  is  represented  at  Y  (Fig.  73),  must 
be  different  from  the  chemical  or  actinic  focus,  which  is  represented  at  Y  (the 
figure  is  greatly  exaggerated  for  better  explanation). 

Fio.  74. 


Chromatic  aberration  is  corrected  by  what  is  called  a  chromatic  combination. 
The  combination  usually  consists  of  two  lenses,  and  sometimes  of  three  (see 
Fig.  74) ;  a  convex  lens,  made  of  crown  glass,  and  a  concave  lens  made  of  flint 
glass.  Flint  glass  disperses  light  more  than  crown  glass;  thus,  the  dispersion 
of  the  rays  by  one  kind  of  glass  is  in  a  measure  neutralized  by  the  dispersion  of 
the  other  kind  in  an  opposite  direction,  so  that  the  image  is  nearly  colorless. 

The  yellow  ray  comes  to  a  focus  at  a  certain  point,  and  has  by  far  the  greatest 
illuminating  power;  thus  the  evil  effects  which  otherwise  arise  to  vision  are  in 
part  counteracted.  It  is  then  impossible,  by  the  use  of  a  single  homogeneous  lens, 
to  deviate  the  different  rays  accurately  to  one  focus,  and  consequently  impos- 
sible, by  the  use  of  such  a  lens,  to  form  a  colorless  image  of  any  object.  The 
principle  by  which  this  is  corrected  is  termed  achromatism.  It  is  usual  in  prac- 
tice to  unite  a  convex  lens  of  crown  glass  with  a  concave  lens  of  flint  glass.  The 
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Fig.  75. 
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convex  lens  should  have  the  greatest  power,  and  therefore  be  constructed  of 
crown  glass,  otherwise  the  effect  of  the  combination  would  be  the  same  as  that 
of  a  concave  lens,  with  which  it  is  impossible  to  form  a  real  image  of  a 
real  object. 

It  is  the  property  of  all  lenses,  which  are  segments  of  spheres,  of  refracting  light 
unequally  at  different  parts  of  their 
surfaces.  You  will  notice  that  the  rays 
A  and  B  (Fig.  75)  which  pass  through 
the  outer  edge  of  the  lens,  are  brought  to 
a  focus  nearer  the  lens  than  the  rays  D 
and  E,  which  pass  through  nearer  the 
centre.  This,  then,  causes  another  con- 
fusion and  indistinctness  in  the  image  from  the  various  rays  crossing  and  inter- 
fering with  each  other;  this  is  called  spherical  aberration,  and  is  corrected  by 
means  of  a  diaphragm,  or  stop. 

THE  DIAPHRAGM 

Is  a  piece  of  sheet  metal,  or  a  piece  of  cardboard,  having  a  hole  in  the  centre, 
and  is  placed  either  before  or  behind  the  lens,  the  effect  of  which  is  to  prevent 
certain  rays  falling  on  the  lens,  or  of  preventing  the  action  of  such  rays  after 
passing  through  the  lens. 

Notice  that  the  rays  ABC  (Fig.  76)  passing  through  the  lens  near  the  centre, 
their  foci  are  brought  together  not  far  distant  from  each  other,  and  the  imago 
formed  by  these  rays  will  be  comparatively  distinct,  whilst  the  rays  D  E,  if  al- 
lowed to  pass  through  near  the  outer  edge  of  the  lens,  would  find  their  foci  at 
D'  E',  and  consequently,  the  general  focus  of  the  image  being  spread  over  such  a 
space  as  represented  from  A  to  E',  must  necessarily  be  very  indistinct,  but  by 
means  of  the  diaphragm  X  Y  these  latter  rays  (DE)  are  excluded  from  striking 
on  the  lens,  consequently  the  spread  of  focus  is  confined  in  the  space  between 

Fio.  76.  Fio.  77. 


C  and  A,  and  the  image  becomes  much  more  perfect.  It  must  still  further  be 
evident  that  correcting  spherical  aberration  by  means  of  a  diaphragm  is  done  at 
the  expense  of  light;  the  smaller  the  "stop,"  the  better  the  focus  and  the  less 
the  light.    In  the  above  example  you  will  notice  that  the  rays  which  would  havo 
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fallen  upon  tbe  outer  edges  of  the  lens  are  cut  off  by  means  of  the  diaphragm 
before  they  reach  the  lens ;  but,  in  the  second  example  (Fig.  77),  the  rays  E  D, 
striking  the  outer  edge  of  the  lens,  are  prevented  from  coming  to  a  focus  by  the 
diaphragm  after  having  passed  through  the  lens.  The  difference  in  the  effect  of 
the  diaphragm  being  placed  before  the  lens,  and  being  placed  behind  the  lens,  will 
be  better  understood  by  examining  the  following  examples. 

In  the  first  example  (Fig.  78)  you  will  notice  that  the  image  of  the  barb  of 
the  arrow  A  is  formed  at  D,  by  means  of  the  rays  of  light  passing  through  the 
lower  portion  of  the  lens,  whilst  the  feather  on  the  other  end  B  is  formed  by  means 
of  the  rays  passing  through  the  upper  portion  of  the  lens,  and  furthermore  the 


Fig.  78.  Fig.  79. 


diaphragm  is  placed  in  front  of  the  lens;  whereas  in  the  second  example  (Fig.  79) 
just  the  reverse  obtains;  thus,  the  image  of  the  barb  being  formed  by  means  of 
the  rays  passing  through  the  upper  portion,  whilst  the  feather  end  is  formed  by 
means  of  the  rays  passing  through  the  lower  portion  of  the  lens,  and  the 
diaphragm  is  placed  back  of  the  lens. 

CUE  V  A  TUBE  OF  FIELD. 

I  have  thus  far  spoken  of  the  images  formed  by  convex  lenses  as  being  flat, 
or  produced  on  a  plane;  but  such  is  not  the  case  in  reality.  Let  AB  (Fig.  80) 
represent  an  object  whose  image  CD  is  thrown  on  the  retina  of  the  eye;  it  is 


Fig.  81. 


evident  here  that  the  rays  from  the  point  E  (the  pupil)  to  the  image  on  the 
retina  are  of  equal  lengths,  and  in  consequence  the  image  is  clear  and  distinct 
at  all  points.    This  is  called  the  curvature  of  field.    Now,  if  we  receive  the  image 
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upon  a  flat  surface,  as  at  C  I D  (Fig.  81),  the  rays  C  and  D  will  be  longer  than 
the  ray  I ;  therefore,  when  that  part  of  the  image  is  in  focus  at  I,  those  parts 
situated  at  C  and  D  must  necessarily  be  out  of  focus,  and  consequently  indistinct. 
The  curvature  of  field  is  also  corrected  by  means  of  the  diaphragm,  and  will 
be  understood  by  examining  Figure  82.  i„  .sj. 

Observe  that  the  rays  ABC,  falling  nearly 
perpendicularly  on  the  lens,  are  brought  to 
a  focus  at  F,  and  that  the  rays  D  D,  being 
nearly  of  the  same  length,  will  find  their 
foci  near  D'D';  but  the  rays  Z  Z,  Z  Z, 
if  allowed  to  pass  through  the  lens,  would 
be  refracted,  as  explained  in  Figure  73, 

and  find  their  foci  at  Z' Z',  Z'Z',  causing  great  confusion  and  indistinctness 
(see  the  dotted  lines)-.  But  by  means  of  the  diaphragm  it  will  be  seen  that  these 
rays,  Z  Z,  Z  Z,  are  cut  off,  and  only  the  central  rays  suffered  to  ]>ass. 
which  tends  to  form  a  more  perfect  imago.  This  property  of  a  lens 
shortening  those  rays  which  fall  very  obliquely  upon  its  surface,  is 
called  astigmation,  and  the  correction  of  the  lens  by  this  means  is 
called  flattening  the  field. 

After  what  has  been  stated,  images  of  the  square  A  (Fig.  83), 
formed  by  a  lens  having  the  diaphragm  in  front  (Fig.  78),  will  tend 
to  form  their  lines  as  shown  at  B,  termed  the  barrel  shape  ;  whilst 
images  of  the  square  A,  formed  by  a  lens  having  the  diaphragm 
behind  (see  Fig.  79),  will  tend  to  form  their  lines  as  shown  at  C, 
termed  the  hour-glass  shape. 

The  difficulty,  however,  is  completely  overcome  by  using  a  por- 
fio.  si.  trait  combination,   having  the 

diaphragm  placed  between  the 
lenses  (see  Fig.  84).  For  the 
rays  from  the  barb  of  the  arrow 
entering  the  upper  portion  of 
the  lens  A  B  (having  tlie  dia- 
phragm behind),  which  would  tend  to  form  the  image  alter  C  (Fig.  83),  are 
excluded,  as  are  also  those  rays  entering  the  lower  portion  of  the  lens,  and  whic  h 
would  tend  to  form  the  image  after  B  (Fig.  83).  The  two  distortions  are  thus 
neutralized,  and  only  such  rays  as  suffer  least  from  distortion  arc  allowed  to 
pass  the  lens  B  1),  having  the  diaphragm  in  front,  thus  tending  to  form  a  more 
perfect  image. 
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The  properties  of  mirrors  and  lenses  have  led  to  the  construction  of  a  great 
variety  of 

OPTICAL  INSTRUMENTS, 

The  chief  of  which  are  :  the  telescope,  the  reflecting  telescope,  the  microscope, 
the  solar  microscope,  the  magic  lantern,  the  camera  obscura,  the  stereoscope,  and 
many  others. 

The  telescope  is  an  instrument  for  viewing  distant  objects;  the  microscope  is 
an  instrument  for  viewing  minute  objects.  These  have  opened  to  our  senses 
two  new  worlds  that  had  else  remained  unknown. 


THE  MAGIC  LANTERN 


Is  an  apparatus  for  forming  upon  a  screen,  enlarged  images  of  objects  painted 
in  transparent  colors  on  glass.    It  was  the  invention  of  a  German  Jesuit,  named 
Father  Kircher,  who  flourished  some  two  hundred  years  ago.    It  is  composed 
FlG  ^  of  a  box  of  wood  or  tin, 

A  B  (Fig.  85),  in  which  is 
placed  a  lamp  C,  in  the  fo- 
cus of  the  concave  reflector 
D,  and  also  in  the  focus 
of  the  plano-convex  lens,  F. 
Immediately  in  front  of 
this  lens  is  an  aperture,  G, 
to  allow  of  the  passage  of 


the   "  sliders, 


i.  e. 


the 


glasses  upon  which  are 
painted,  or  photographed, 
the  subjects.  The  sliders,  being  highly  illuminated,  by  these  means  allow 
the  light  to  pass  through  them,  and  through  a  pair  of  double  convex  lenses,  H, 
which  are  made  movable,  so  as  to  approach  or  recede  from  the  sliders,  in  order 
to  increase  or  diminish  the  size  of  the  image  which  is  thrown  on  the  screen  J  K.. 

The  slider  is  to  be  inverted  when  placed  in  its  groove,  in  order  that  it  may  be 
erect  on  the  screen.  The  reason  of  this  is  obvious,  and  needs  no  explanation  after 
what  has  been  previously  said. 

Full  directions  are  given  for  photographing  and  painting  the  sliders,  under  a 
section  on  photography. 
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Passing  over  a  great  variety  of  curious  and  entertaining  optical  instruments 
(a  description  of  which  the  present  space  will  not  allow),  I  come  to  the 


CAMERA  OBSCURA. 

The  Camera  Obscura  (dark  chamber)  was  invented  by  Baptiste  Porta,  and  in 
its  crude  form  consisted  of  a  closed  box,  ABCD  (Pig-  86),  having  a  small  hole,  H, 
in  one  end.    The  back  of  the  box,  opposite  FlG  m 

the  hole,  is  painted  white  on  the  inside,  and 
serves  as  a  screen  to  receive  the  image  of 
the  strongly  illuminated  object  E  F.  The 
pencil  of  rays  coming  from  the  top  of  the 
tree,  goes  to  form  an  image  at  the  bottom  of 
the  box,  whilst  that  coming  from  the  foot 
of  the  tree,  goes  to  form  an  image  at  the  top 
of  the  box.  The  image  is  consequently  inverted,  and  reversed  in  a  horizontal 
direction,  but  in  every  other  respect,  including  color,  it  is  a  perfect  represen- 
tation of  the  object  pictured.  - 

It  is  not  a  little  remarkable,  that  the  images  formed  by  a  camera  obscura,  are 
entirely  independent  of  the  shape  of  the  opening  ;  that  is,  the  shape  of  the  images 
is  the  same,  whether  the  hole  be  round,  square,  triangular,  or  oblong ;  provided 
always,  that  the  hole  be  quite  small. 

To  show  this,  let  us  consider  the  case  of  a  beam  of  solar  light  entering  a  dark 
room  through  a  hole  in  the  shutter,  A  (Fig.  87).  With  respect  to  the  sun,  the 
hole  in  the  shutter,  is  but  a  point ;  hence 
the  group  of  rays  which  enter  it,  form  in 
reality  a  cone,  whose  base  is  the  sun  S; 
the  prolongation  of  these  rays  into  the 
room  make  up  another  cone,  Similar  in 
shape  to  the  first,  and  if  this  cone  be  inter- 
cepted by  a  screen  X,  placed  perpendicular 
to  the  line  joining  the  hole  with  the  ecu  lie 
of  the  sun,  the  image  will  form  a  circle; 
but  if  the  rays  are  allowed  to  fall  upon 
the  floor  of  the  apartment,  as  at  F,  the 
image  will  be  elliptical ;  but  it  never  takes  the  form  of  the  hole,  when  that  is 
small. 

In  accordance  with  this  principle,  we  find  the  illuminated  patches  of  the  pave- 
ment, or  of  the  side  of  a  house,  formed  by  the  rays  of  the  sun  passing  between 
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the  leaves  of  a  tree,  circular  or  elliptical.  In  fact,  during  an  eclipse  of  the  sun, 
when  the  visible  portion  of  the  sun  is  a  crescent,  the  patches  of  light  will  all 
assume  the  crescent  shape. 

The  hole  in  the  camera  may,  however,  be  of  any  dimensions,  if  a  convex  lens 
be  placed  in  it,  capable  of  filling  it,  and  of  such  power  as  to  bring  the  rays  to  a 
focus  on  the  opposite  side  of  the  box.  The  most  important  application  of  the 
camera  is  in  forming  pictures  for  daguerreotypes  and  photographs. 

In  the  application  of  the  principles  of  optics  to  the  explanation  of  natural 

phenomena,  it  may  not  be  out  of  place  here  to 
give  a  brief  description  of  the  most  perfect  of  all 
optical  instruments, 

THE  EYE. 

Fig.  88  represents  a  vertical  section  of  the 
human  eye.  Its  form  is  nearly  globular,  with  a 
slight  projection  in  front.  It  consists  of  four 
coats,  or  membranes,  viz. :  the  sclerotic,  the  cornea, 
the  choroid,  and  the  retina.  It  has  two  fluids 
confined  within  these  membranes,  called  the  aqueous  and  the  vitreous  humors, 
and  one  lens,  called  the  crystalline.  The  sclerotic  coat  is  the  outer  and  strongest 
membrane,  and  its  anterior  part,  represented  by  A  A  A  A,  is  well  known  as  the 
white  of  the  eye.  It  is  joined  to  the  cornea  B  B,  which  is  a  transparent  membrane 
in  the  front  of  the  eye,  through  which  we  see.  The  choroid  is  a  thin,  delicate, 
velvety  membrane,  covered  with  a  black  pigment,  which  absorbs  the  rays  which 
pass  the  retina,  preventing  internal  reflection,  and  which  lines  the  sclerotic  coat 
on  the  inside.  On  the  inside  of  this  again  is  found  the  retina  EREE,  which  is 
the  innermost  coat  of  all,  and  is  simply  an  expansion  or  continuation  of  the 
optic  nerve  O  O,  which,  communicating  directly  with  the  brain,  is  the  immediate 
seat  of  vision. 

The  iris  P  P  is  a  disk,  and  is  a  thin  membrane,  or  curtain  of  different  colors  in 
different  persons,  and  consequently  gives  the  color  to  the  eye.  In  the  centre  of 
the  iris  is  a  circular  opening,  called  the  pupil.  The  "  black  spot"  in  the  eye,  X, 
though  it  appears  as  such,  is  nothing  of  the  sort;  it  is  simply  a  hole,  which 
expands  when  the  light  is  faint,  and  contracts  when  the  light  is  too  strong.  The 
space  P  X  P,  between  the  iris  and  the  cornea,  is  called  the  anterior  chamber, 
and  is  filled  with  the  aqueous  humor  (so  called  from  its  resemblance  to  water). 
Behind  the  pupil  and  iris  is  situated  the  crystalline  lens  E,  which  is  a  firm  and 
perfectly  transparent  body,  through  which  the  rays  of  light  pass  from  the  pupil 
to  the  retina.    Behind  this  lens  is  the  posterior  chamber,  which  is  filled  with  the 
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vitreous  humor  V  V.  This  humor  occupies  much  the  largest  portion  of  the 
whole  eye,  and  on  it  depends  the  shape  and  permanence  of  the  organ. 

As  an  optical  instrument,  the  eye  is  inimitably  perfect.  It  has  neither  the 
faults  of  spherical  nor  chromatic  aberration,  and  moreover,  it  possesses  the 
remarkable  power  of  self-adaption  to  great  as  avcII  as  to  small  distances.  No 
artificial  instrument  has  any  of  these  qualities  in  perfection. 

The  action  of  the  eye  is  similar  to  that  of  the  camera.  The  pupil  corresponds 
to  the  hole  in  the  box.  The  crystalline  lens  forms  the  image,  and  the  retina  is 
the  screen  upon  which  that  image  falls.  The  image  is  of  course  inverted,  but 
the  mind  refers  objects  along  the  rays  which  produce  the  sensation  of  sight. 
Hence  points  appear  in  their  proper  position,  i.  e.,  we  see  objects  erect. 

When  an  object  is  placed  very  near  the  eye,  the  lens  has  not  sufficient  power 
to  bring  the  rays  to  foci  on  the  retina,  and  an  indistinctness  of  vision  is  the 
consequence.  When  the  limit  of  distinct  vision  is  much  less  than  six  inches, 
the  individual  is  said  to  be  shortsighted  ;  when  it  is  much  greater  than  this  dis- 
tance, he  is  said  to  be  longsighted.  Shortsightedness  comes  from  too  great  a 
convexity  of  the  cornea,  or  of  the  crystalline  lens,  or  both ;  the  effect  of  which  is 
to  bring  the  rays  to  foci  before  reaching  the  retina,  giving  an  indistinctness  to 
vision.  This  defect  is  remedied  by  using  spectacles  with  concave  lenses,  which 
diverge  the  rays  before  falling  upon  the  cornea,  and  thus  enable  the  media  of  the 
eye  to  bring  them  to  foci  upon  the  retina. 

Longsightedness  is  a  defect  just  the  reverse,  and  arises  from  too  great  a  flatness 
of  the  cornea,  or  the  crystalline  lens,  or  both,  so  that  the  rays  arc  brought  to 
foci  behind  the  retina.  This  defect  is  remedied  by  using  spectacles  with  convex 
lenses. 


INSENSIBILITY  OF  A  CERTAIN  TORTION  OF  THE  RETINA. 

Light  and  color,  acting  directly  on  the  retina,  produce  no  sensation  of  sight. 

Very  few  persons  are  aware,  that  when  they  look  with  one  eye,  there  is  some 
'particular  object  directly  before  them  to  which  they  are  absolutely  blind. 

In  order  to  convince  ourselves  of  this  curious  fact,  we  have  only  to  place  two 
colored  wafers  upon  a  sheet  of  white  paper,  at  about  three  inches  apart,  the  dis- 
tance between  the  two  eyes.  Now  hold  the  eyes  directly  over  these  two  wafers, 
so  that  each  eye  comes  over  its  own  wafer,  at  the  distance  of  ten  or  twelve 
inches.  Close  the  left  eye,  and  look  intently  at  the  left-hand  wafer  with  the 
right  eye,  when  the  right-hand  wafer  will  entirely  disappear.    Or,  close  the  right 
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eye,  and  look  intently  at  the  right-hand  wafer  with  the  left  eye,  when  the  left- 
hand  wafer  will  disappear. 

When  we  examine  the  retina  to  discover  the  cause  of  this,  we  find  that  the 
part  of  it  to  which  this  insensibility  to  light  belongs,  is  on  the  base  of  the  optic 
nerve,  or  the  place  where  this  nerve  enters  the  eye,  and  expands  itself  to  form 
the  retina.  This  point  is  shown  in  Fig.  88,  marked  O,  and  is  convex  at  the  place, 
where  it  enters  the  eye.  When  both  eyes  are  open,  the  object  whose  image 
FlG  89  falls  upon  the  insensible  spot  of  the  eye  is 

A  g  seen  by  the  other,  so  that  though  it  is  not 

invisible,  yet  it  will  only  be  half  as  luminous, 
and  therefore  two  dark  spots  ought  to  be 
seen. 

This  will  be  rendered  more  intelligible  by 
referring  to  the  annexed  Figure  89.  The 
image  of  the  wafer  A  is  formed  at  a,  to  the 
right  of  the  optic  nerve  b,  and  in  this  position 
has  the  choroid  coat  behind  the  retina,  but  the 
image  of  the  wafer  B  is  formed  at  b,  directly 
upon  the  point  where  the  optic  nerve  issues 
from  the  eyeball,  and  where  the  choroid  coat 
does  not  extend  behind  it.  (It  is  not  of 
course  necessary  that  we  only  employ  two 
colored  wafers.  Any  two  spots  may  be 
marked  out  on  a  sheet  of  white  paper  with 
pencil  or  with  ink.) 

Physiologists  are  not  agreed  as  to  the  manner  in  which  the  perception  of  a 
visible  object  is  obtained  from  the  image  formed  in  the  retina  of  the  eye.  It  is 
certain,  however,  that  this  image  is  the  cause  of  vision,  or  that  the  means 
whereby  it  is  produced  are  also  instrumental  in  producing  the  perception  of 
sight. 

It  would  be  a  great  error  to  assume  that  this  image  on  the  retina,  is  itself 
seen,  for  that  would  involve  the  supposition  of  a  second  eye  within  the  first  to  see 
this  image,  which  is  simply  an  absurdity.  It  may  be  maintained  that  the  func- 
tions of  vision  are  performed  by  this  nervous  membrane,  in  a  manner  analogous 
to  that  by  which  the  sense  of  touch  is  affected  by  external  objects. 

According  to  this  view  of  the  functions  of  vision,  the  retina  feels,  as  it  were, 
the  image  on  the  choroid,  and  transmits  to  the  sensorium  the  impression  of  its 
color  and  figure,  in  the  same  manner  as  the  hand  of  a  blind  person  would  trans- 
mit to  the  sensorium,  the  form  of  an  object  which  it  touched. 
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STEKEOSCOPICITY. 

The  question,  why — having  two  eyes,  on  which  independent  impressions  are 
made  by  external  objects,  and  on  the  retina  of  each  of  which  an  independent 
picture  of  a  visible  object  is  formed — we  do  not  see  two  distinct  objects,  corres- 
ponding to  each  individual  external  object  which  impresses  the  eye?  Or,  in  other 
words,  it  is  often  asked,  Why  do  we  not  see  double? 

The  first. reflection  which  arises  on  the  proposition  of  this  question  is,  Why, 
having  two  ears,  we  do  not  hear  double?  since  the  sound  of  a  bell,  or  the  blow  of  a 
hammer,  for  instance,  must  impress  independent  and  separately  the  two  organs 
of  hearing.  It  cannot,  therefore,  be  denied,  that  whatever  reason  there  may  be 
for  demanding  a  solution  of  the  question,  Why  do  we  not  see  double?  is  equally 
applicable  to  the  solution  of  the  analogous  question,  Why  do  we  not  hear  double? 

Like  many  disputed  questions,  this  will  be  stripped  of  much  of  its  difficulty 
and  obscurity,  by  a  strict  attention  to  the  meaning  of  the  terms  used  in  the 
question,  and  in  the  discussion  consequent  upon  it. 

If,  by  seeing  double,  it  is  meant  that  the  two  eyes  receive  separate  and  inde- 
pendent impressions  from  each  external  object,  then  we  do  see  double.  But  if  it 
be  meant  that  the  mind  receives  two  distinct  and  independent  impressions  of 
the  same  external  object,  then  we  do  not  see  double. 

If  a  visible  object  impresses  the  eyes  with  an  image,  of  precisely  the  same 
apparent  form,  magnitude,  color,  lineament,  intensity  of  illumination,  and,  in 
fine,  in  precisely  the  same  direction,  it  is  impossible  to  have  a  double  perception 
of  the  object.    Let  us  apply  this  same  reasoning  to  the  sense  of  hearing. 

If  a  certain  sound  affect  the  membrane  of  each  ear-drum  with  precisely  the 
same  pitch,  loudness,  quality  of  tone  and  manner,  it  is  clearly  impossible  to 
conceive  that  two  different  perceptions  can  be  produced  by  the  two  ears,  for 
there  is  no  respect  in  which  it  is  possible  for  two  such  perceptions  to  differ. 
But  if  we  can  conceive,  by  any  organic  derangement  of  the  ear,  the  sound  pro- 
duced in  one  ear  to  be  ut,  and  in  the  other  ear  sol,  then  the  same  effect  would 
be  produced  as  if  these  two  sounds  had  been  simultaneously  heard.  And,  in 
like  manner,  if  the  two  eyes,  by  any  defect  of  organization,  produce  two  images 
from  a  different  position  or  direction,  by  pushing  one  eye  aside  with  the  finger, 
then,  we  at  once  see  double. 

An  image  of  every  object  viewed  is  formed  in  each  eye,  therefore  in  one  sense 
we  see  (mechanically)  double;  yet  vision  is  not  double,  but  single;  therefore,  in 
another  sense,  we  see  (mentally)  single. 

Let  it  be  distinctly  understood,  in  the  first  place,  that  the  eyes,  like  an  opera 
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glass,  are  only  the  media  through  which  the  mind,  or  brain,  looks  to  see  an 
object,  and  that  it  is  the  mind  which  sees,  not  the  eye. 

The  ears  of  a  man  asleep  hear  (if  I  may  so  express  myself)  just  as  well 
as  when  the  man  is  awake  ;  the  man  hears  nothing,  for  the  sensation  of  hearing 
is  not  conveyed  to  the  brain.  Again-,  a  man  whose  mind  is  preoccupied  with 
any  care,  or  an  all-absorbing  subject,  allows  objects  to  pass  continually  before 
his  eyes,  but  no  impression  or  sensation  of  sight  is  conveyed  to  the  brain.  In 
fact,  all  objects  pass,  not  only  unnoticed,  but  absolutely  unseen. 

It'  has  been  asserted  that  we  have  two  eyes  in  order  to  see  objects  in  relief. 
This  is  a  very  great  mistake,  for  we  can  see  objects  in  relief  perfectly  with  one 
eye.  Persons  born  blind  of  an  eye  see  all  objects  in  perfect  relief.  That  it  is 
necessary  to  form  two  images  of  one  object,  in  order  to  see  that  object  in  relief, 
(or  solid),  is  simpty  absurd.  The  eagle,  for  instance,  and  some  other  birds  of 
prey,  whose  power  of  vision  is  perfectly  astonishing,  have  their  eyes  so  situated 
as  to  make  it  simply  impossible  for  them  to  see  the  same  object  simultaneously 
with  both  eyes.  As  regards  seeing  two  flat  pictures  simultaneously  with  both 
eyes  in  order  to  produce  the  effect  of  relief,  this  is  an  entirely  different  matter.  We 
see  objects  in  relief  perfectly  with  one  eye,  because  the  object  is  in  relief,  or  solid; 
but  to  see  a  flat  picture  in  relief  with  one  eye,  is  a  simple  impossibility. 

"But,"  you  say,  "you  can  see  things  in  better  relief,  and  with  more  accurate 
judgment  of  its  distance  from  you,  with  both  eyes  than  with  one." 

That  is  it  exactly.  You  see  better  with  two  eyes,  because  you  get  a  combined 
view  of  the  perspective  and  relative  distance  of  its  parts.  A  man  born  with  one 
eye  may  perhaps  make  a  better  judgment  of  distance  in  some  cases  than  a  man 
with  two  eyes ;  but  it  must  be  borne  in  mind  that  a  person  born  blind  is  said  to 
hear  much  more  acutely  than  one  possessed  of  vision  ;  indeed,  the  loss  of  one 
sense,  as  a  general  thing,  increases  the  powers  of  the  others,  and  a  person  might, 
from  long  habit  and  practice,  acquire  the  faculty  of  judging  distances  almost  as 
well  with  one  eye  as  you  may  with  two. 

To  prove  that  with  one  eye  we  can  form  no  reliable  estimate  of  distance,  we 
have  only  to  perform  the  following  extraordinary  expedient:  On  a  table,  some 
three  or  four  feet  from  an  opposite  wall,  place  an  unlighted  candle.  On  the  end 
of  a  light  wand,  some  five  or  six  feet  long,  attach  an  extinguisher.  Having 
retired  some  twelve  or  fifteen  feet  from  the  table,  close  one  eye  completely,  and 
extending  in  front  of  you,  at  arm's  length,  the  wand,  approach  gradually  the 
candle,  and  endeavor  to  put  the  extinguisher  exactly  over  the  candle,  when  it 
will  be  found  almost  impossible.  Not  only  this,  but  you  will  be  astonished  how 
very  far  off  the  mark  you  come.  Again — in  the  place  of  the  candle,  erect  a  wire, 
terminating  in  a  ring  about  one  inch  in  diameter,  with  its  edge  turned  towards 
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you,  and  on  the  end  of  the  wand  affix  a  short  stick,  about  five  or  six  inches  long, 
at  right  angles  to  it,  (like  the  handle  of  a  w^alking-stick,  for  example),  and  with 
one  eye  closed,  and  the  wand  extended,  endeavor  to  pass  the  short  stick  through 
the  ring,  when  your  failure  will  be  complete.  This  little  experiment  will  cause 
great  amusement  to  the  spectators,  who  will  in  turn  become  equally  amazed  at 
your  total  lack  of  judgment  of  distance. 

This  experiment  is  greatly  enhanced  by  your  using  a  wand  the  length  of  which 
you  know  nothing,  and  which  is  to  be  handed  to  you  by  a  third  party  after  the  eye 
is  blinded.  With  both  eyes  you  must  succeed  in  ac- 
complishing the  object  invariably.  When  we  look  at 
any  object  with  both  eyes,  each  eye  sees  it  under  a 
different  angle.  Thus  :  if  the  cube  A  B  C  D  (Fig.  90) 
is  placed  before  the  eyes  L  K,  and  viewed  with  the 
eye  L  alone,  this  .eye  will  see  the  front  B  D,  and  the 
side  D  C,  but  wiU  see  no  part  of  the  side  A  B.  Closing 
the  eye  L  we  look  at  the  cube  with  the  eye  K  ;  we 
now  see  the  front  B  D  and  the  side  A  B,  but  no  part 
of  the  side  C  D.  Thus  we  see  that  the  perspective  of 
the  cube  is  different  in  the  two  cases,  and  this  will  be 
the  more  apparent  as  the  object  approaches  the  eye. 

Place  any  small  upright  object,  a  candle,  A,  for  instance  (Fig.  91),  at  the  dis- 
tance of  eight  or  ten  feet  from  the  wall  B  C,  and  place 
yourself  opposite  the  candle,  as  at  R  L.  Viewing  the 
candle  with  the  right  eye  only,  it  will  appear  opposite 
the  wall  at  B,  and  viewing  it  with  the  left  eye  only,  it 
will  appear  opposite  the  wall  at  C.  Now,  if  the  two 
eyes  be  alternately  opened  and  shut  quickly,  the  candle 
will  appear  to  jump  forwards  and  backwards  between 
the  points  D  and  E,  proving  that  we  see  not  only 
different  portions  of  an  object  with  each  eye,  but  that 
each  eye  beholds  the  object  in  a  different  position.  (No 
such  phenomenon  takes  place  with  one  eye,  as  will  be 
readily  understood.)  Whilst  still  in  this  position,  ob- 
serve a  spot  on  the  wall  at  F,  exactly  behind  the  candle, 
and  whilst  so  doing,  two  images  of  the  candle  will  be 
formed  (one  in  each  eye),  and  per  contra,  whilst  gazing 
at  the  candle,  two  spots  will  be  formed,  thus  clearly 
proving  that  we  do  see  double.  Why  then  do  we  not 
always  see  double?  It  is  believed  that  on  the  retina  of  each  eye  is  a  point  situ- 
ated on  the  visual  axis,  and  that  these  two  points  are  connected  by  certain 
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nerves  which  convey  to  the  brain  the  sensation  of  sight.  We  see  distinctly  only 
when  the  two  images  fall  exactly  upon  these  points.  When  we  look  at  any 
object,  or  a  picture,  we  see  the  entire  picture  apparently  at  onetime;  but  this  is 
only  apparent,  for  we  see  distinctly  all  parts  in  rapid  succession,  and  behold  only 
one  point  distinctly  at  a  time.    This  may  easily  be  proved  by  looking  over  a  page 

of  printed  matter,  when  it  will  be  found  that  we 
FlG- 92-  can  only  see  with  comparative  distinctness,  one 

word  at  a  time,  and  by  a  little  practice  it  will  be 
still  further  noticed,  that  we  only  see  this  entire 
word  by  a  very  rapid  action  of  the  eye.  Let  the 
object  A  (Fig.  92)  be  viewed  with  the  two  eyes ; 
the  points  on  the  retina  (in  each  eye  which  receives 
the  images  CD)  being  on  the  visual  axes  of  the 
eyes,  are  connected  and  identical  with  the  brain, 
and  thus  the  latter  conceives  the  idea,  or  sensation 
of  sight,  and  "  sees  "  the  object  A  distinctly.  But 
if  the  object  A  be  approached  to  B,  there  is  a  point 
beyond  which  the  eyes  cannot  be  turned  inward, 
and  although  each  eye  can  see  the  object  pretty 
distinctly  separately,  the  spots  E  F  on  the  retina 
not  being  on  the  axis,  the  nervous  arrangement 
does  not  correspond,  and  consequently  a  double 
image  is  formed. 

If,  whilst  the  eyes  see  the  object  A  (Fig.  93)  distinctly,  we  push  with  the 
finger  the  eye  gently  from  its  place,  the  image  will  no  longer  fall  on  the  axis  of 

that  eye,  consequently  a  double  image 


Fig.  93. 


will  immediately  appear.  Again,  if  we 
place  the  object  A  to  one  side,  both 
eyes  follow  this  direction,  and  the  same 
rule  holds  good.  Like  in  the  other 
case,  the  object  may  be  placed  too  far 
on  one  side  (independent  of  the  inter- 
ference of  the  nose),  to  enable  the  two 
points  on  the  retina  to  correspond. 

If,  whilst  gazing  steadily  at  a  near 
object,  we  suddenly  remove  the  eyes  to 
a  distant  one,  some  little  time  elapses 
before  we  see  the  latter  object  distinctly ; 
this  is  owing  to  the  extraordinary  power  of  the  lens  of  the  eye  to  alter  its  focus 
for  distant  and  near  objects. 
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THE  STEREOSCOPE 

Is  an  instrument  employed  to  give  to  flat  pictures  the  appearance  of  relief.  If 
we  obtain  two  pictures  of  an  object,  the  one  as  it  would  appear  to  the  right  eye, 
and  the  other  as  it  would  appear  to  the  left  eye,  and  look  at  them  with  both 
eyes,  through  lenses  which  cause  the  pictures  to  coincide,  that  is,  to  cause  one 
to  entirely  overlap  the  other,  the  impression  is  precisely  the  same  as  though 
the  object  itself  were  before  the  eyes.  Indeed,  so  complete  is  the  illusion,  that 
it  is  almost  impossible  to  believe  that  we  are  simply  viewing  pictures  on  a  flat 
surface.    Such,  then,  is  the  theory  of  the  stereoscope. 

It  was  invented  by  Wheatstone,  and  improved  by  Brewster.  In  Wheatstone's 
stereoscope  mirrors  are  used.    The  principle  of  the  instrument  is  us  follows: 

Two  pictures,  C  and  D  (Fig.  94),  are  obtained.  C  represents  the  perspective 
of  the  object  as  seen  by  the  left  eye  L,  and  D  that  as  seen  by  the  right  eye  R. 
These  are  placed  opposite  two  plain  mirrors,  A  and  B, 
so  inclined  to  each  other  that  the  images  of  such  pic- 
tures are  reflected  to  the  eyes,  -L  and  R,  which,  seeing 
these  images  along  the  rays  which  enter  the  eyes,  make 
them  appear  as  far  behind  the  mirrors  as  the  objects 
themselves  are  in  front  of  them.  And,  "by  a  proper 
adjustment  of  these  mirrors,  these  two  images  may  be 
made  to  approach  each  other,  until  they  perfectly  coalesce 
at  the  point  E  F,  where  the  eyes  will  perceive  a  single 
image  only,  which  will  appear  to  stand  out  in  relief,  as 
if  solid.  This  is  called  the  reflecting  stereoscope.  This  is  principally  adapted  for 
viewing  large  pictures.  It  is  a  very  perfect  instrument,  and  admits  of  a  great 
variety  of  adjustments,  by  which  the  apparent  size  and  distance  of  the  images 
may  be  varied  almost  at  pleasure.    The  principle  of 


THE  REFRACTING  STEREOSCOPE 

Is  represented  below.  A  common  convex  lens,  A  B  (Fig.  95),  is  divided  in  the 
centre,  and  of  each  semi-circle  a  square  is  formed,  as  shown  in  the  figure.  A  B 
(Fig.  96)  represents  the  edges  of  the  lenses.  These  square  lenses  are  placed  in 
a  box,  ABCD  (Fig.  97),  the  distance  of  the  eyes  apart;  the  two  pictures,  E 
and  F,  are  placed  each  opposite  its  own  eye.    The  rays  from  these  pictures 


7G 


THE  SKYLIGHT  AND    THE  DARK-ROOM. 


are  refracted  by  these  lenses,  which  cause  the  images  to  coalesce,  and  appear  to 
be  situated  at  G-  as  one  picture  standing  out  in  bold  relief,  as  in  nature.  A 

Fig.  95.  Fin.  97. 


diaphragm,  or  partition,  X,  is  placed  in  the  box  in  order  to  prevent  any  part  of 
the  picture  E,  being  seen  by  the  eye  B,  and  to  prevent  any  part  of  the  picture 
F,  being  seen  by  the  eye  A. 

Why  must  we  cut  a  stereoscopic  pair  in  halves,  and  mount  the  right-hand 
view  on  the  left  of  the  mount,  and  the  left-hand  view  on  the  right  of  the  mount? 

Let  A  (Fig.  98)  represent  a  church — to  be  photographed  stereoscopically — 

Fig.  98. 


Fig.  99. 


and  let  L  R  represent  the  left  and  right  eyes  of  a  person  viewing  that  church; 
furthermore,  let  the  black  spot  a  represent  any  object  seen  by  the  left  eye, 
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but  invisible  to  the  right  eye,  owing  to  the  interposition  of  the  church  steeple. 
(The  only  object  of  inserting  this  spot  is  to  enable  you  to  distinguish  which 
picture  belongs  to  the  left  eye,  and  which  to  the  right  eye.)  Now,  instead  of 
the  eyes  L  and  E  receiving  the  images  of  the  church,  let  us  suppose  L  E  to  be 
a  plate  exposed  in  a  stereoscopic  camera.  Such  a  plate,  being  put  upon  a  table, 
collodion  side  uppermost,  would  present  the  appearance  shown  by  Fig.  99,  where 
the  church  with  the  spot  is  still  seen  with  the  left  eye.  Now,  a  positive  print 
from  this  negative  would  present  the  appearance  as  shown  at  Fig.  100.  It  will 
immediately  become  apparent,  that  in  the  print,  the  right  eye  sees  the  church 
with  the  spot  which  belongs  to  the  left,  whilst  the  left  eye  sees  the  church 
belonging  to  the  right  eye,  consequently  we  have  only  to  cut  the  print  in  two, 
and  change  the  positions  of  the  halves,  in  order  that  each  eye  may  see  its  par- 
ticular picture  in  the  stereoscope.  Stereoscopic  pictures  are  generally  taken 
with  a  camera  constructed  for  the  purpose,  with  two  lenses;  but  this  is  not  abso- 
lutely necessary,  as  it  may  be  easily  done  with  an  ordinary  portrait  tube.  The 
manner  of  executing  this  is  as  follows  :  Upon  the  camera-stand  A  B  (Fig.  101), 
is  a  frame  of  wood,  consisting  of  two  pieces,  C  C,  turning  on  pivots  (placed  at 


D  D,  and  let  into  the  top  of  the  stand).  Two  cross  pieces,  E  E,  also  turn  on 
pivots  where  they  join  the  pieces  C  C.  By  pushing  the  pieces  C  C  towards  the 
right,  the  frame  assumes  the  position  as  shown  by  the  dotted  lines.  All  we 
have  to  do  now  is  to  place  the  camera  on  this  framework,  facing  towards  A 
(the  front  of  the  stand).  Having  taken  one  view,  replace  the  cap  on  the  tube, 
and  move  the  slide  of  the  plateholder  for  the  second  view;  move  also  the  frame- 
work to  the  second  position,  and  take  the  second  picture.  A  little  experience 
will  soon  determine  the  distance  that  the  camera  is  to  be  shifted.    If  the  camera 


Fig.  101. 
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has  not  been  pushed  far  enough,  a  column,  A  (Fig.  102),  whose  transection  is 
turned  toward  us,  will  appear  oval,  as  at  B,  with  its  long  diameter  transverse. 
If  the  camera  has  been  pushed  too  far,  the  column  will  appear  as  an  oval,  as 
at  C,  with  its  short  diameter  transverse. 

From  what  has  already  been  written  on  this  subject,  the  reason  of  this  is 
apparent. 

POLARIZATION  OF  LIGHT. 

Light,  which  has  been  refracted  from  certain  substances,  or  transmitted  through 
certain  substances,  under  certain  special  conditions,  assumes  new  properties,  and 
is  no  longer  reflected,  refracted,  nor  transmitted,  as  before.  This  change  in  the 
action  of  light  is  called  polarization,  and  a  ray  thus  modified  is  said  to  be  polarized. 

A  ray  of  light  which  by  any  method  has  become  polarized,  seems  to  acquire 
a  property  of  possessing  sides.  Common  light,  it  has  been  said,  originates  vibra- 
tory motions  taking  place  in  every  direction,  transversal  to  the  ray;  with  polarized 
light  the  case  is  different. 

To  gather  an  idea  of  the  nature  of  polarized  light,  we  must  refer  once  more 
to  the  cord  which  served  to  imitate  common  light.    When  the  extremity  of  the 

cord  (Fig.  103)  is  vibrated  vertically,  hori- 
zontally, and  in  all  intermediate  positions 
in  rapid  succession  it  imitates  common 
light.  But  if  we  simply  vibrate  it  up  and 
down,  as  from  C  to  C,  or  side-ways,  as  from 
B  to  B,  or  A  to  A,  then  it  imitates  polarized 
light.  Polarized  light  is,  therefore,  caused  by  vibrations  transverse  to  the  ray, 
but  which  take  place  in  one  direction  only. 

A  common  ray  of  light  may  be  compared  to  a  cylindrical  rod,  polished  all 
around,  and  which  is  capable  of  being  reflected  from  a  polished  surface,  whatever 
part  of  its  circumference  may  strike  that  surface.  But  a  polarized  ray  may  be 
compared  to  a  square-shaped  rod,  with  four  flat  sides,  two  of  which  (opposite) 
are  bright  and  polished,  and  are  capable  of  reflection,  whilst  the  other  two  are 
black  or  dull,  and  incapable  of  reflection. 

Now  the  word  "  poles, "  in  physical  science,  is  used  to  denote  the  ends  or  the 
sides  of  any  body  which  have  occupied  contrary  properties,  as  the  ends  of  a 
magnet,  and,  by  analogy,  the  ray  of  light  whose  opposite  sides  were  found  to  be 
endowed  with  opposite  physical  properties,  was  said  to  be  polarized. 

There  is  a  certain  gem,  termed  the  tourmaline,  which  serves  to  illustrate  the 
properties  of  polarized  light.    Thus  :  A  ray  of  light,  A  (Fig.  104),  suffered  to 
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fall  upon  a  piece  of  tourmaline,  C,  will  be  freely  transmitted,  and  meeting  a  second 
piece,  D  (symmetrically  placed  to  the  first),  will  also  be  transmitted  through 

F,e.l04.  Fio.105.  tHat    SeC0Tld  PieCe'       BLlt   if   WG    tUrn  Fig.  106. 

that  second  piece,  D,  a  quarter  turn 
(see  Fig.  105),  then  the  light  cannot 
pass  through.  The  rays  of  the  meri- 
dian sun  cannot  pass  through  a  pair  of 
crossed  tourmalines.  Or  suppose,  on  a 
piece  of  cardboard,  C  D  (Fig.  106),  we  draw  a  vibratory  ray,  and  hold  it  to  a 
grating,  A  B,  it  will  readily  slip  through  the  bars  when  its  plane  coincides  with 
that  of  the  bars;  but  if  we  turn  it  a  quarter  around,  as  at  E  F,  then,  of  course, 
it  can  no  longer  pass  the  grating.  The  first  plate  of  tourmaline,  C  (Fig.  104), 
polarizes  the  ray  of  light  A  B,  which  falls  upon  it ;  i.  e.,  the  waves  that  pass 
through  it  all  vibrate  in  one  plane,  and  therefore  readily  pass  through  a  second 
plate,  D,  so  long  as  it  is  held  in  such  a  manner  that  its  structure  coincides  with 
that  motion  ;  but  if  it  be  turned  around,  so  as  to  cross  these  waves,  then  they  are 
unable  to  pass  through  it. 

Light  modified  in  the  above  manner  is  called  plane  polarized  light,  but  there 
are  other  varieties.  Thus,  if  the  cord  be  moved  in  a  circle,  circular  waves  will 
be  produced,  imitating  circular  polarized  light;  moved  in  an  ellipse,  elliptical 
polarized  light,  etc.  Common  light  is  converted  into  polarized  light  for  experi- 
mental purposes  in  three  ways  :  1st.  When  reflected  from  glass  at  an  angle  of 
56°  45'.  2d.  When  transmitted  through  a  bundle  of  sixteen  or  eighteen  thin 
plates  of  glass,  or  of  mica.  3d.  By  passing  it  through  tourmaline,  or  other 
transparent  crystals,  which  possess  the  property  of  double  refraction.  If  a  ray 
of  light,  which  has  been  polarized  by  reflection  from  a  glass  plate,  is  caused  to 
fall  upon  a  second  plate,  it  will  not  be  reflected  as  common  light  would.  If  the 
plane  of  the  second  surface  is  so  inclined  to  the  first  that  the  ray  falls  at  an 
angle  of  56°,  the  ray  is  not  reflected  at  all,  but  at  once  vanishes.  If,  on  the 
contrary,  the  plane  of  the  second  surface  is  parallel  to  the  first,  it  will  be  entirely 
reflected. 

The  principles  of  polarized  light  have  been  applied  to  the  determination  of 
many  practical  results.  Thus,  it  has  been  found  that  all  reflected  light,  come 
from  whence  it  may,  acquires  certain  properties  which  enable  us  to  distinguish 
it  from  direct  light.  The  astronomer  is  in  this  way  enabled  to  determine  with 
infallible  precision  whether  the  light  he  is  gazing  at  (and  which  may  have 
required  hundreds  of  years  to  reach  the  eye),  is  inherent  in  the  luminous  body 
itself,  or  is  derived  from  some  other  source  by  reflection. 

It  has  also  been  ascertained  by  Arago  that  light  proceeding  from  an  incan- 
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descent  body,  as  red-hot  iron,  glass,  &c.,  under  a  certain  angle,  is  polarized ;  but 
that  light  proceeding,  under  the  same  circumstances,  from  an  inflamed  gaseous 
body,  is  unpolarized.  Applying  these  principles  to  the  sun,  he  discovered  that 
the  light-giving  substance  of  that  luminary  was  of  the  nature  of  a  gas,  and  not 
a  red-hot  solid  nor  a  liquid  body. 

Very  curious  optical  effects  are  presented  by  various  crystalline  bodies.  Sala- 
cine  (a  salt  extracted  from  the  bark  of  the  willow),  when  almost  an  imperceptible 
film,  offers  the  appearance  of  a  pavement,  consisting  not  merely  of  gold,  but  of 
lapis  lazuli,  ruby,  emerald,  and  opal.  Chlorate  of  potash  strews  the  field  of 
view  with  magnificent  pyramidal  jewels.  Chromate  of  potash  presents  a 
remarkable  assemblage  of  club-shaped  crystals.  Oxalate  of  potash  is  a  salt  of 
such  rarity  and  brilliancy  that  its  crystals  look  as  if  their  forms  and  colors  were 
the  result  of  a  Chinese  imagination  in  its  happiest  moments. 

In  conclusion,  then,  fancy  yourself  living  in  a  region  solely  illuminated  by 
the  aurora  borealis,  where  every  passing  cloud  threw  a  diversed  colored  shadow 
of  the  most  gorgeous  hues  across  your  path;  where  the  air  is  alive  with  splendid 
rainbows,  which  break  up  into  light  fragments  of  glittering  diamond  dust,  and 
you  may  form  an  approximation,  and  no  exaggerated  idea,  of  the  effects  of 
polarized  light  on  various  substances  capable  of  being  affected  by  it.  It  is  a 
light  endowed  with  rare  and  extra  delicate  powers,  rendering  visible  minute 
details  of  structure  in  the  most  dazzling  colors,  gauging  crystalline  films  of 
infinitesimal  thinness,  and  acting  the  spy  under  the  most  unexpected  circum- 
stances; denouncing  as  cotton  what  you  believed  to  be  silk;  pointing  out  disease 
where  you  looked  for  health. 


OUTLINES  OF  CHEMISTRY. 

Chemistry  considers  the  relations  of  particles  to  each  other;  investigates 
the  properties  and  qualities  of  different  kinds  of  matter,  their  mutual  influence, 
and  the  actions  of  the  imponderable  principles  upon  them.  It  treats  of  the 
causes  of  those  invisible  movements  which  the  molecules  of  bodies  unceasingly 
undergo.  Every  change  taking  place  in  bodies  is  due  to  the  operation  of  some 
active  force.  It  is  one  of  the  first  principles  of  philosophy,  that  no  movement 
nor  mutation  can  occur  in  anything  spontaneously;  we  must  always  refer  it  to 
a  distinct  cause. 

Thus,  under  the  influence  of  heat,  bodies  increase  in  size ;  under  that  of  elec- 
tricity, some  bodies  are  dissevered  into  their  component  parts  or  elements; 
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under  that  of  light,  vegetables  form  from  inorganic  materials  their  original 
structures. 

Until  after  the  discovery  of  oxygen  gas,  the  nomenclature  of  chemistry  was 
very  loose  and  complicated;  the  trivial  names  bestowed  on  various  bodies  had 
but  little  connection  with  their  properties.  Sometimes  they  were  derived  from 
the  name  of  their  discoverer,  or  from  the  place  of  his  residence.  It  is  obvious 
that  such  a  system,  from  the  vast  increase  of  discovery,  would  soon  become 
unmanageable  and  impossible. 

Lavoisier  and  his  associates  constructed  a  new  nomenclature,  with  a  view  to 
avoid  this  difficulty.    The  following  is  a  brief  exposition  of  it: 

A  chemical  element  is  a  material  substance  not  yet  analyzed;  no  one  substance 
is,  however,  positively  known  to  be  elementary,  and  we  should  distinctly  under- 
stand that  it  cannot  rightly  be  inferred,  because  a  body  has  not  yet  been 
decomposed,  that  it  never  will  be. 

The  number  of  elements  at  present  recognized  is  sixty-two;  of  these  only 
twenty-nine  were  known  at  the  commencement  of  the  present  century.  This 
will  illustrate  one  great  fact,  viz.:  but  for  the  chemist,  the  discovery  of  thirty- 
three  new  elements  would  not  have  been  made,  and  this  implies  an  amount  of 
laborious  and  protracted  research,  of  which  no  words  can  convey  to  the  unini- 
tiated any  adequate  idea. 

The  elements  are  divided  usually  into  two  classes, — the  metallic  and  the  non- 
metallic. 

The  word  metal  cannot  be  strictly  defined;  it  is  a  conventional  term,  vaguely 
used,  because  expressing  a  vague  idea.  Thus,  metals  would  be  all  solid  were 
not  mercury  and  caesium,  fluid;  they  are  generally  heavy,  but  lithium,  sodium, 
and  potassium  float  upon  water.  They  all  have  a  peculiar  lustre  called  metallic ; 
but  this  lustre  does  not  characterize  metals  alone,  for  coke,  graphite,  galena, 
molybdenite,  and  many  other  minerals,  exhibit  a  similar  lustre.  They  may  all 
be  said  to  be  opaque;  but  gold  may  be  beaten  out  so  thin  as  to  transmit  a 
greenish  light. 

Such  bodies  which  are  usually  rich  in  oxygen,  have  been  called  acids ;  such 
which  are  usually  poor  in  oxygen,  have  been  called  bases.  Now,  those  elements 
which  unite  with  oxygen  to  form  acids,  are,  as  a  general  rule,  called  non-metallic, 
and  those  elements  which  unite  with  oxygen  to  form  bases,  are  called,  in  a 
chemical  sense,  metals. 

Of  the  sixty-two  elements,  five  are  gases,  two  simple  liquids,  and  the  remainder 
are  solids  at  common  temperature. 

Most  of  the  known  simple  substances  retain  the  names  by  which  they  have 
been  popularly  distinguished,  as  gold,  copper,  iron,  &c;  and  when  new  bodies 
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were  discovered,  they  received  a  name  descriptive  of  one  or  more  of  their  leading 
properties.  Thus,  chlorine  takes  its  name  from  its  greenish  color ;  iodine  from 
its  purple  vapor.    It  is  to  be  regretted  that  this  rule  has  often  been  overlooked. 

THE  ATOMIC  THEORY 

Supposes,  in  the  first  place,  that  all  matter  is  composed  of  ultimate  particles,  or 
atoms,  which  are  incapable  of  subdivision. 

The  Atomic  Theory  of  Dalton  further  supposes  that  the  atoms  of  each  element 
have  all  the  same  form  and  weight. 

It  might  naturally  be  supposed  that  chemical  combination  between  the  atoms 
could  take  place  in  all  proportions  indifferently,  but  such,  however,  is  not  the 
case.  The  proportions  in  which  the  atoms  of  different  elements  unite,  are  fixed, 
definite,  and  invariable.  Thus,  100  parts  of  water  contain  88.89  parts  of  oxygen 
and  11.11  of  hydrogen.  It  matters  not  in  what  state  the  water  may  be,  in  ice, 
dew,  cloud,  steam,  etc.,  its  composition  is  always  the  same.  Again,  in  forming 
water  the  same  proportions  must  be  observed,  that  is,  11.11  grains,  ounces;  or 
pounds  of  hydrogen  must  be  taken  for  every  88.89  grains,  ounces,  or  pounds  of 
oxygen.  If  either  one  be  in  excess,  combination  still  takes  place,  but  only  in 
this  proportion;  the  excess  will  be  rejected.  This  law  of  definite  proportion 
may  be  proved  in  two  ways :  first,  by  analysis,  that  is,  decomposing  the  com- 
pound; and  secondly,  by  synthesis,  that  is,  by  uniting  the  elements  in  definite 
proportions  to  form  the  required  compound. 

It  frequently  happens  that  one  element  will  combine  with  another,  in  more 
than  one  proportion,  and  the  compounds  so  obtained  differ  vastly  from  each 
other  in  their  properties,  but  still  they  preserve  a  simple  relation  to  each  other. 
Thus,  the  simplest  combination  is  one  atom  of  one  substance  with  one  atom  of 
another  substance.  But  in  other  instances  the  proportion  may  be  as  1  to  2,  3, 
4,  5,  &c,  or  as  2  to  3,  5,  7,  &c.  One  atom  of  one  kind  cannot  combine  with  half 
an  atom  of  a  different  kind,  or  with  any  fractional  part  thereof,  for  the  simple 
reason  that  no  such  quantity  exists,  the  atoms  being  incapable  of  division. 
Again,  a  compound  atom,  or  molecule  formed  by  the  union  of  two  dissimilar 
atoms,  must,  in  uniting  with  other  bodies,  necessarily  obey  the  same  law,  and 
be  in  turn  incapable  of  division,  since  the  very  act  of  division  would  be  its  de- 
struction, so  far  as  its  compound  nature  is  concerned. 

A  strong  argument  in  favor  of  this  theory  is,  if  matter  is  indefinitely  divisible, 
and  if  atoms  have  no  real  existence,  then  there  is  no  reason  why  bodies  should 
not  combine  in  all  proportions.    Thus,  one  grain,  ounce,  or  pound  of  one  sub- 
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stance  ought  to  combine  with  the  half,  quarter,  hundredth,  and  every  other 
proportion  of  a  grain,  ounce,  or  pound,  of  some  other  substance,  so  as  to  form 
indefinite  numbers  of  compounds,  all  possessing  different  properties.  But  this 
never  happens. 

ATOMIC  WEIGHT. 

As  we  know  nothing  of  the  absolute  weight  of  atoms,  but  only  their  relative 
proportion  to  each  other,  we  have  only  to  select  any  substance  as  a  standard 
with  which  to  compare  all  the  rest,  and  make  this  our  unit. 

Hydrogen  (being  the  lightest  substance  known)  is  generally  employed  for  this 
purpose.    Its  atomic  weight  then  is  marked  1. 

There  are  three  ways,  however,  in  which  the  composition  of  a  body  may  be 
expressed :  by  atom,  by  weight,  and  by  volume.  The  constitution  of  water  is  : 
by  atom,  1  of  hydrogen  to  1  of  oxygen  j  by  weight,  1  of  hydrogen  to  8  of  oxygen  ; 
and  by  volume,  2  of  hydrogen  to  1  of  oxygen.  These  different  modes  of  expres- 
sion involve  nothing  contradictory,  for  they  are  all  reconciled  by  the  statement 
that  the  atom  of  oxygen  is  eight  times  as  heavy  as  that  of  the  hydrogen,  but 
only  half  the  size. 

Many  other  curious  facts  and  relations  have  been  discovered  since  the  an- 
nouncement by  Dalton  of  the  atomic  theory,  which  present  strong  additional 
'evidences  of  the  correctness  of  his  views.  For  instance,  there  appears  to  be  a 
relation  between  the  atomic  weight  of  a  body  and  its  capacity  for  heat.  Thus, 
the  atomic  weight  of  the  four  metals,  iron,  copper,  mercury,  and  lead,  are 
respectively  28,  32,  100,  104.  Now  if  any  of  these  four  metals  be  taken  in  their 
relative  proportions,  it  will  require  the  same  expenditure  of  heat  to  make  them 
equally  hot.  According  to  some  authorities  this  extends  to  all  the  elements. 
If  this  supposition  be  true — for  it  is  not  proved — the  determination  of  the  specific 
heat  of  a  substance  would  also  afford  the  means  of  knowing  its  atomic  weight 
and  combining  equivalent.    Even  in  compound  bodies  this  theory  seems  to  hold- 

CHEMICAL  EQUIVALENTS. 

By  the  term  ahemical  equivalent,  is  meant  the  proportion  or  quantities  by 
weight  in  which  substances  unite  to  form  definite  chemical  compounds  (from 
cequus,  equal,  and  valor,  value),  and  the  numbers  representing  or  expressing  these 
compounds  are  termed  equivalent  numbers.  Thus,  by  1  equivalent  of  oxygen 
is  meant  8  parts  by  weight  as  compared  with  hydrogen.    It  will  be  observed 
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that  the  numbers  used  to  designate  equivalents,  merely  express  the  relative  quan- 
tity of  the  substance  they  represent;  hence  it  is  of  little  consequence  what 
numbers  we  employ,  provided  the  relation  between  them  is  strictly  observed. 
The  law  of  equivalents  applies  to  compound  substances  equally  with  the  elements, 
the  equivalent  of  a  combining  number  of  a  compound,  being  always  the  sum  of 
the  equivalents  of  its  components. 

NOMENCLATUKE    OF    THE  ELEMENTS. 

The  elements  which  have  been  known  from  the  most  remote  period,  retain 
their  common  names,  and  also  their  Latin  names  to  a  considerable  extent.  For 
example:  iron  (ferrum),  gold  (aurium),  copper  (cuprum).  Others  bear  the  name 
of  some  distinguishing  feature  by  which  they  are  characterized.  Thus,  phos- 
phorus, from  the  Greek,  light  and  to  bring,  from  its  property  of  shining  in  the 
dark!    Chlorine  (green),  from  its  color;  bromine  (stink),  from  its  bad  smell. 

For  a  symbol  of  an  elementary  body,  we  take  the  first  letter  of  its  Latin  name, 
and  as  it  often  happens  that  several  substances  have  the  same  initial  letter,  to 
distinguish  which,  we  add  a  second  letter.  Thus,  carbon  has  for  its  symbol,  0; 
chlorine,  CI;  copper,  Cu ;  Cadmium,  Cd,  &c. 

A  symbolic  letter  standing  alone,  not  only  represents  a  substance,  but  it  further 
represents  one  atom  of  it.  Thus,  H  means  one  atom  of  hydrogen,  O  one  atom 
of  oxygen. 


THE  FOLLOWING  IS  A  LIST  OP  THE  NAMES,  SYMBOLS,  AND  ATOMIC  WEIGHTS  OF  THE 
PRINCIPAL  ELEMENTS  AS  COMMONLY  TO  BE  MET  WITH  : 


NON-METALLIC. 

Atomic 

METALLIC. 

Atomic 

Symbols. 

Weights. 

Symbols. 

Weights. 

Oxygen,  . 

.    .    .    .    0,   .  . 

8.013 

Potassium, 

.    .    .    .    K,  .  . 

.  39.26 

Hydrogen, 

•    •    .    .    H,  .  . 

1.000 

Sodium, 

.  23.31 

.    .    .    .    N,  .  . 

.  14.19 

.    .    .    .    L,  .  . 

6.44 

Sulphur, 

.    .    .    .    S,    .  . 

.  16.12 

.    .    .    .    Ba,  .  . 

.  68.66 

Phosphorus, 

.    .    .    .    P,   .  . 

.  32.00 

Strontium, 

.    .    .    .    Sr,  .  . 

.  43.85 

.  .  .  .  c,  .  . 

6.04 

Calcium,  . 

.    .    .    .    Ca,  .  . 

.  20.52 

Chlorine, 

....   01,  .  . 

.  35.47 

Magnesium, 

.    .    .    .    Mg,  . 

.  12.89 

.    .    .    .    Br,  .  . 

78.39 

Aluminum, 

Al,  .  . 

.  13.72 

.    .    .    .    I,    .  . 

.  126.57 

•     •     .     .     Gr,    .  . 

.  26.54 

.    .    .    .    F,   .  . 

.  18.74 

.....  Y,  .  . 

.  32.25 

.    .    .    .    B,   .  . 

.  10.91 

Zirconium, 

.    .    .    t  Z, 

.  33.67 

....    Si,  .  . 

.  22.22 

.    .    .    .    Th,  .  . 

.  59.83 

.    .    .    .    Se,  .  •  * 

.  39.63 

.    .    .    .    Ce,  .  . 

.  46.05 
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Atomic 

Atomic 

Symbols. 

Weights. 

Symbols. 

Weights. 

T 

.Lanthanum, . 

La,   .  . 



oi  i vei ,  .... 

A  rr 

lUo.ol 

Didymium,  .  . 

D,    .  . 



Palladium,    .    .  . 

x  Q, 

Oo.oo 

Erbium,  

E,     .  . 



Rhodium, 

T> 
XV, 

fiO  OA 

Terbium,  

Tr,    .  . 



Iridium,  .... 

ir, 

Oft  ft4 
Jo  Oi 

Manganese,  . 

Mn,  .  . 

27.72 

Platinum, 

ift,    .  . 

Oft  fti 

Iron,   

Fe,    .  . 

27.18 

IjrOlQ,  

A  n 

All,  . 

1  OQ  OA 

i^oDan,  .... 

Co,   .  . 

29.57 

Osmium,  .... 

us,    .  . 

QQ  70 

Nickel,  

Ni,   .  . 

29.62 

Titanium,     .  . 

li,    .  . 

7\r\n 

Aiinc,  

Zn,   .  . 

32.31 

Tantalum, 

la,    .  . 

i  fti  on 

Cadmium.        .  . 

Cd,   .  . 

55.83 

Tungsten,     .    .  . 

Iff ,    .  . 

QQ  70 

Load,  ...... 

Pb,  .  . 

103.73 

Molybdenum, 

Mn 

1YL0,    .  . 

47  Qft 

Tin,  ...... 

Sn,    .  . 

58.92 

Vii  njifl  iiiTYi 

T  auauiuui,  ... 

68.66 

Bismuth,  

Bi,    .  . 

71.07 

Chromium, 

Or,    .  . 

Oft  1  Q 

Zo.U 

Copper,  

Cu,  .    .  . 

31.71 

Antimony,    .  . 

Sb,    .  . 

64.62 

Uranium,     .    .    .  . 

U,    .    .  . 

217.20 

Arsenic,  .... 

As,   .  . 

.  37.67 

Mercury,  

Hg,  .    .  . 

202.87 

Compound  bodies  may,  for  the  most  part,  be  divided  into  three  groups — 
acids,  bases,  and  salts. 

By  an  acid  is  meant  a  substance  having  a  sour  taste,  and  which  reddens  vege- 
table blues ;  it  also  neutralizes  alkalies. 

By  a  base  is  meant  a  substance  which  restores  to  blue,  the  color  reddened  by 
an  acid,  and  neutralizes  acids. 

By  a  salt  is  meant  a  substance  arising  from  the  union  of  an  acid  and  a  base. 

Oxygen,  though  not  acid  itself,  when  united  to  a  great  variety  of  bodies  gives 
rise  to  powerful  acids.    Hence  its  name,  acid  and  to  generate. 

The  symbol  for  the  compound  water  is  HO;  that  is,  1  atom  of  hydrogen 
and  1  atom  of  oxygen. 

If  we  wish  to  indicate  that  more  than  one  atom  is  present,  we  affix  an  appro- 
priate figure,  thus,  nitric  acid  is  composed  of  1  atom  of  nitrogen  united  to  5 
atoms  of  oxygen,  and  we  write  it  N06. 

Compounds  of  oxygen  are  termed  oxides.  Thus,  water  is  an  oxide  of 
hydrogen,  nitric  acid  is  an  oxide  of  nitrogen,  sulphuric  acid  is  an  oxide  of 
sulphur,  &c. 

There  are  acids  containing  no  oxygen,  but  are  compounds  of  hydrogen  and 
other  elements.  These  acids  are  distinguished  by  the  prefix  hydro.  Thus,  the 
compound  of  hydrogen  and  chlorine  is  termed  hydrochloric  acid.  For  more 
extended  details  on  this  subject,  you  are  referred  to  works  on  chemistry. 

It  is  important  for  us,  in  the  consideration  of  the  atomic  theory,  to  distinguish 
clearly  between  the  doctrine  of  chemical  combination  by  equivalents,  or,  as  it 
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is  often  termed,  by  atomic  weight,  and  the  atomic  theory  proper.  The  first  is  a# 
truth,  independent  of  all  theory.  The  atomic  constitution  of  matter,  upon  which 
the  law  of  combination  by  proportion  is  supposed  to  depend,  cannot,  on  the 
other  hand,  be  proved  by  experiments,  and  still  remains,  and  probably  ever 
will,  a  highly  probable  theory. 

DIFFUSION  OF  GASES. 

When  two  liquids,  which  are  wanting  in  attraction  for  each  other,  as  oil  and 
water,  are  mixed  together,  they  separate  after  a  while,  the  lightest  rising  to 
the  top  of  the  vessel.  If,  however,  two  gases  are  mixed  together,  ho  separation 
takes  place,  but  the  two  remain  permanently  intermingled. 

Mixture  and  solution  must  not  be  confounded  with  chemical  combination. 
Gunpowder  is  a  mixture  of  charcoal,  nitrate  of  potash,  and  sulphur.  For  the 
sense  of  sight  detects  the  color  of  the  charcoal,  the  sense  of  taste  detects  the 
nitre,  and  the  sense  of  smell  detects  the  sulphur,  and  by  very  simple  means  the 
ingredients  may  be  easily  separated. 

Solution  is  occasioned  when  the  action  of  the  force  of  adhesion  exerted  between 
the  particles  of  the  solid  and  those  of  the  liquid  with  which  it  is  brought  into 
contact,  is  more  powerful  than  the  force  of  cohesion  which  binds  together  the 
particles  of  the  solid.  The  power  of  cohesion  will  be — not  destroyed — but 
simply  overcome  or  suspended,  and  the  solid  is  said  to  be  dissolved.  In  all 
cases  of  solution,  the  properties  of  the  solid  and  the  liquid  are  retained;  thus, 
when  camphor  is  dissolved  in  alcohol,  the  sense  of  smell  detects  the  gum,  whilst 
the  sense  of  taste  detects  the  spirit. 

Chemical  combination  takes  place  when  a  solid  disappears  in  a  liquid  through 
the  influence  of  a  chemical  force  exerted  between  the  particles  of  the  two  sub- 
stances, and  the  resulting  compound  is  not  a  true  solution.  Sulphur  and  finely 
divided  iron  might  be  so  intermixed  that  the  two  ingredients  could  not  be  dis- 
tinguished by  the  sense  of  sight,  but  still  the  iron  might  be  separated  by  the 
aid  of  a  magnet.  If,  however,  by  the  application  of  a  gentle  heat,  and  the 
mixture  be  made  in  proper  proportion,  the  magnet  would  fail  to  discover  any 
trace  of  iron  in  the  resulting  compound.  Hydrogen  and  oxygen  gases  may  be 
mixed,  and  they  will  retain  their  distinct  properties,  but,  when  chemically  com- 
bined, they  form  water,  as  already  stated.  If  pure  silver  is  dissolved  in  pure 
nitric  acid,  and  the  compound  crystallized,  we  have  a  salt,  nitrate  of  silver  (nitrate 
of  the  oxide  of  silver),  in  which  neither  the  acid  nor  the  metallic  silver  can  be 
detected  by  the  senses. 
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Saturation. — When  a  liquid  has  dissolved  as  much  of  a  solid  as  it  is  capable  of 
doing,  it  is  said  to  be  saturated.  When  this  occurs,  the  force  of  adhesion  between 
the  liquid  and  the  solid  becomes  reduced  to  an  equality  with  the  force  of  cohe- 
sion between  the  particles  of  the  solid,  and  the  act  of  solution  ceases.  Anything 
which  weakens  the  force  of  cohesion  in  a  solid  favors  solution.  If  a  substance  be 
reduced  to  powder  it  dissolves  more  quickly,  both  from  the  larger  extent  of  sur- 
face which  it  exposes  to  the  action  of  the  liquid,  and  from  the  partial  destruction 
of  the  force  of  cohesion  between  its  particles.  In  the  same  way  heat,  by 
diminishing  the  force  of  cohesion,  generally  promotes  solution.  Some  sub- 
stances, however,  as  lime,  for  example,  dissolve  more  freely  in  cold  than  in  warm 
water. 

A  body  is  said  to  be  insoluble  when  the  adhesive  force  exerted  by  a  liquid  upon 
its  particles  is  not  strong  enough  to  overcome  the  cohesive  force  which  binds 
them  together. 

Precipitation. — Now,  when  a  solid  dissolves  in  a  liquid,  the  power  of  cohesion, 
as  before  stated,  is  not  destroyed,  but  merely  overcome,  or  suspended,  by  the 
superior  force  of  adhesion.  If  this  latter  force  is  in  turn  weakened  or  overcome, 
the  force  of  cohesion  acquires  an  ascendency,  and  the  particles  in  solution  unite 
again  to  form  a  solid.  A  solid  thus  reproduced  and  separated  from  a  liquid,  is 
called  a  precipitate.  Thus,  when  water  is  poured  into  a  solution  of  gum  camphor 
and  alcohol,  the  alcohol  abandons  the  camphor,  which  is  precipitated,  and  unites 
with  the  water. 

It  may  be  stated,  as  a  general  law  in  chemistry,  that  two  substances  which, 
when  united,  form  an  insoluble  compound,  generally  combine  and  produce  the 
same  compound  when  they  meet  in  solution.  For  instance,  chloride  of  silver  is 
insoluble  in  water;  if  then  a  solution  of  salt  (chloride  of  sodium)  be  added  to  a 
solution  of  nitrate  of  silver,  the  chlorine  deserts  the  sodium,  which  dissolves  in 
the  water,  and  unites  with  the  silver,  forming  chloride  of  silver,  which,  being 
insoluble  in  the  water,  is  precipitated. 

DOUBLE  DECOMPOSITION. 

Make  a  solution  in  one  glass  of  nitrate  of  silver  in  water,  and  in  another  glass 
make  a  solution 'of  chloride  of  sodium  (common  salt)  in  water.  Now,  I  have 
said  that  in  a  solution  the  power  of  adhesion  overcomes  the  power  of  cohesion 
between  the  particles  of  the  solid,  and  thus  the  solid  is  said  to  be  dissolved ;  but 
when  the  attraction  of  cohesion  is  stronger  than  that  of  adhesion,  the  solid  cau- 
not  be  dissolved,  and  is  said  to  be  insoluble.    Chloride  of  sodium  is  soluble  in 
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water,  as  is  also  nitrate  of  silver;  but  if  these  solutions  be  mixed,  the  chlorine 
formerly  combined  with  the  sodium,  has  now  a  stronger  affinity  for  the  silver  in 
combination  with  the  nitrate  of  silver,  and  that  power  of  affinity  is  greater  than 
the  adhesive  power  of  the  water  in  both  cases;  thus  the  chlorine  and  the  silver 
immediately  unite  and  form  chloride  of  silver,  which  falls  to  the  bottom  of  the 
vessel  in  a  thick,  curdy,  white  precipitate.  The  soda  thus  set  free  is  now  dis- 
solved in  the  water.  The  chloride  of  silver  thus  obtained  by  the  reaction  of  the 
elements,  is  said  to  be  obtained  by  double  decomposition.  Again,  the  oxygen 
and  the  nitric  acid  in  the  nitrate  of  silver  salt,  being  now  released,  unite  at  once 
with  the  sodium  which  was  deserted  by  the  chlorine,  and  form  a  solution  of 
nitrate  of  soda.  In  order  then  to  remove  the  soda,  we  have  only  to  wash  the 
unaffected  chloride  of  silver  in  several  waters,  which  eventually  dissolves  and 
washes  out  the  soda,  leaving  the  chloride  in  a  pure  state,  which  may  now  be 
dried  by  pouring  it  out  on  a  piece  of  clean  glass. 

CRYSTALLIZATION. 

When  bodies  pass  slowly  from  the  liquid  to  the  solid  form,  their  particles, 
instead  of  arranging  themselves  in  a  confused  and  irregular  manner,  tend  to 
group  themselves  into  regular  geometrical  forms.  These  forms  are  termed 
crystals,  and  the  process  of  forming  them  is  called  crystallization. 

Concerning  the  forms  or  shapes  of  atoms  two  views  are  entertained.  One 
theory  is  that  all  atoms  are  of  a  spherical  form,  and  that  regular  crystalline  forms 
are  occasioned  by  the  peculiarity  of  their  arrangement  in  varying  numbers  and 
angles.  According  to  the  other  theory,  atoms  have  the  same  form  as  the  frag- 
ments obtained  by  splitting  a  crystallized  body  in  the  direction  of  its  line  of 
cleavage.  Thus  antimony,  which  may  be  cleft  in  the  direction  parallel  to  the 
faces  of  an  acute  rhombohedron,  is  resolved  by  this  mode  of  division  into  similar 
rhombohedrons  of  continually  smaller  and  smaller  dimensions ;  now,  if  we  con- 
ceive the  cleavage  to  be  carried  out  to  the  utmost  possible  limit,  the  smallest 
rhombohedron  thus  obtained,  will  be  the  atom  of  antimony.  Other  substances 
in  like  manner  admit  of  cleavage  into  cubes,  prisms,  &c.  This  view  of  the  form 
of  atoms,  offers  the  easiest  explanation  of  the  regular  crystalline  form,  and  the 
cleavage  of  simple  substances. 

The  number  of  known  crystalline  forms,  is  very  much  smaller  than  the  num- 
ber of  substances  which  are  capable  of  crystallization,  and  it  therefore  follows 
that  crystals  of  various  kinds  of  matter  may  possess  the  same  form.  No  sub- 
stance, however,  has  ever  been  found  to  be  capable  of  assuming  indifferently 
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any  form,  but  most  substances  are  restricted  to  one  form  of  crystal  and  its 
modifications.  This  circumstance  enables  us  very  often  to  identify  a  substance, 
or  determine  its  composition,  simply  by  the  shape  of  its  crystals.  Thus,  common 
salt  always  crystallizes  in  cubes;  alum  in  octohedrons;  sulphur  in  six-sided 
prisms,  &c. 

A  solid  whose  particles  refuse  to  crystallize  is  said  to  be  amorphous  (i.e.,  with- 
out form). 

A  substance  in  crystallizing  has  a  tendency  to  purify  or  separate  itself  from 
any  foreign  substance  which  may  have  been  mingled  with  it.  Crystallization  is 
therefore  to  some  extent  a  guarantee  of  purity. 

If  we  dissolve  common  salt  and  saltpetre  in  warm  water,  and  allow  the  solu- 
tion to  evaporate  slowly,  the  two  substances,  which  arc  intimately  united  in  the 
solution,  will  separate  completely  from  each  other  in  crystallizing;  the  saltpetre 
will  assume  the  form  of  long  needles  or  prisms,  whilst  the  salt  will  crystallize 
in  cubes.  If,  however,  two  substances  which  crystallize  in  the  same  form  be 
mingled  in  solution,  they  cannot  be  separated  from  each  other  by  crystallization. 

When  a  substance  separates  itself  in  part  from  a  liquid  by  crystallization,  the 
solution  remaining  behind  is  termed  the  mother  liquor. 

Some  substances  can  not  crystallize  without  a  certain  definite  amount  of  water; 
this  is  termed  the  water  of  crystallization.  Understand,  this  water  is  not  essential 
to  the  chemical  composition  of  the  substance,  but  merely  to  its  existence  in  the 
form  of  crystals. 

A  crystal  of  alum  contains  nearly  one-half  its  weight  of  water  chemically 
combined  with  it.  Place  a  crystal  of  alum  upon  a  hot  surface,  it  will  loam  and 
melt,  and  finally  settle  down  in  a  white,  porous  mass.  The  foaming  is  occa- 
sioned by  the  evaporation  of  the  water  of  crystallization. 

EFFLORESCENCE. 

Some  substances  containing  water  of  crystallization  part  with  it  upon  exposure 
to  the  air,  and  crumble  down  to  a  fine  powder.  This  action  is  termed  efflores- 
cence. 

DELIQUESCENCE. 

When  a  crystalline  substance,  on  exposure  to  the  air,  absorbs  water,  and 
becomes  converted  into  a  semi-liquid  mass,  it  is  said  to  be  deliquescent. 

CLEAVAGE. 

It  is  supposed  that  the  atoms  or  molecules  which  make  up  the  body  of  a 
crystal  are  possessed  of  polarity,  i.  e.,  the  two  opposite  sides  of  an  atom  are 
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like  the  two  poles  of  a  magnet,  and  that  the  action  of  their  forces  compels  the 
atom,  in  assuming  its  place  in  a  crystal,  to  maintain  a  certain  direction  as 
respects  the  contiguous  particles.  Therefore,  crystals  cannot  be  broken  with 
equal  readiness  in  all  directions;  but  they  have  a  certain  tendency  to  split  in  a 
direction  according  to  certain  determinate  lines.  This  property  is  called 
cleavage. 

CHEMICAL  AFFINITY. 

By  chemical  affinity  we  mean  the  attraction  of  atoms  of  a  dissimilar  nature 
for  each  other.  There  are  certain  striking  phenomena  which  frequently  accom- 
pany chemical  action,  such  as  heat,  electricity,  light,  &c,  and  in  respect  to  the 
bodies  engaged,  they  may  exhibit  changes  of  color,  form,  volume,  density,  &c. 

By  suddenly  mixing  together  and  stirring  equal  volumes  of  water  and  sul- 
phuric acid,  the  mixture  will  obtain  a  heat  half  as  hot  again  as  boiling  water. 

If  a  piece  of  potassium  be  thrown  upon  the  surface  of  water,  the  potassium 
decomposes  the  water  with  evolutions  of  a  beautiful  lilac  flame. 

If  in  a  glass  of  litmus  water  a  drop  of  sulphuric  acid  be  placed,  the  blue  color 
of  the  litmus  is  at  once  changed  to  red;  if  we  now  add  a 
little  ammonia,  the  blue  will  be  restored. 

Into  one  wineglass  (Fig.  107)  put  some  strong  hydro- 
chloric acid,  and  into  another  strong  ammonia;  both 
yield  invisible  vapors;  but  if  brought  very  near  each 
other,  the  vapors  meeting  over  the  glasses  mix  and 
give  rise  to  a  dense  white  smoke  (solid  sal  ammoniac). 

If  a  few  crystals  of  nitrate  of  copper  be  moistened 
with  water,  and  enveloped  in  a  piece  of  tinfoil,  the  foil 
will  presently  begin  to  fume,  and  finally  burst  into 
flame. 


Fig.  107. 


ON  THE   CHEMICAL  ACTION   OF  LIGHT. 

No  chemical  effect  can  be  produced  by  a  ray  of  light  unless  it  be  absorbed, 
and  it  is  for  this  reason  that  water  is  never  decomposed  by  the  sun ;  nor  can 
oxygen  and  hydrogen  be  made  to  unite.  These  substances  being  transj^arent 
suffer  the  rays  to  pass  without  absorption,  and,  as  stated  above,  absorption  is 
absolutely  necessary  before  chemical  action  can  ensue. 

With  chlorine,  however,  the  case  is  different.  This  substance  exerts  a 
powerful  absorbent  action  on  light,  and  the  effect  takes  place  with  the  more 
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refrangible  rays.  When  chlorine  and  hydrogen  are  mixed  together,  they  may 
be  kept  an  indefinite  time  in  the  dark  without  being  disturbed,  but  as  soon  as 
exposed  to  the  light  they  unite  with  a  violent  explosion. 

When  any  sensitive  substance  receives  light  for  a  short  space  of  time,  no 
change  takes  place  immediately,  for  the  rays  are  being  actively  absorbed;  but 
as  soon  as  the  preliminary,  absorption  is  over,  they  act  in  a  manner  which  is 
perfectly  definite.  If,  for  instance,  it  be  a  decomposition,  the  rays  bringing 
about  the  amount  of  decomposing  effect  will  be  precisely  proportionate  to  the 
quantity  of  rays  absorbed.  When  a  beam  of  light  causes  a  decomposing  effect 
it  is  always  itself  disturbed.  The  medium  which  is  changing,  impresses  also  a 
change  on  the  ray.  Thus,  as  stated  before,  when  a  mixture  of  chlorine  and 
hydrogen  are  made  to  unite  by  a  ray  of  light,  that  portion  of  the  ray  which 
passes  through  the  mixture,  will  have  lost  its  power  of  ever  again  bringing  about 
a  like  change. 

From  whatever  source  light  may  be  obtained  it  exerts  chemical  action.  The 
moonbeams  are  sufficiently  intense  to  give  copies  of  that  satellite.  Lamplight, 
and  other  artificial  lights,  are  often  peculiarly  energetic.  These  decomposing 
effects  take  place  on  those  portions  of  the  substance  only  where  the  rays  actually 
fall.  There  is  no  lateral  spreading;  nothing  analogous  to  conduction.  The 
rays  of  the  highest  refrangibility,  and,  therefore,  of  the  most  frequent  vibration, 
have  the  greatest  activity,  and  on  the  number  of  impulses  a  ray  can  communi- 
cate in  a  given  period,  depends  its  power  of  destroying  the  constitution  of  any 
group  of  atoms.  The  immediate  cause  of  the  decomposition  of  substances 
by  the  agency  of  light,  appears  to  be,  that  the  rays  force  the  natural  particles  on* 
which  they  fall  into  rapid  vibration,  and  in  many  compound  molecules  the  con- 
stituent atoms  can  no  longer  exist  together  as  the  same  group,  because  of  the 
impossibility  of  their  being  animated  by  conspiring  motions,  and  derangement 
or  decomposition  is  the  result. 

The  action  of  light  on  vegetal  ion  cannot  have  failed  to  attract  the  attention 
of  the  earliest  inhabitants  of  the  earth.  That  part  of  fruit  exposed  to  the 
direct  action  of  the  sun's  rays,  turns  to  various  hues,  according  to  the  kind  and 
nature  of  the  fruit;  the  reddening  of  an  apple,  for  instance,  on  that  part 
turned  towards  the  sun,  whilst  the  opposite  side  remains  of  a  greenish-white. 
Certain  leaves  and  stalks  turn  green  in  the  sunlight,  whilst  their  roots  remain 
white  under  ground,  and  arc  thus  deprived  of  the  influence  of  the  sun's  rays. 

•k.  running  vine  planted  in  a  dark  cellar  (where  light  is  admitted  only  in  a 
certain  part),  will  grow  and  creep  in  the  direction  of  that  light;  exclude  the 
light  entirely,  and  the  plant  withers  and  dies. 
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All  substances  tend  to  darken  under  the  influence  of  the  sun's  rays.  Papers 
and  linen  are  examples.  Very  old  books,  which  are  darkened  with  age,  are 
less  affected  on  those  parts  which  have  been  defended  from  the  effects  of  the 
sun's  rays.  A  well-known  and  very  beautiful  experiment  is  the  writing  or 
drawing  of  characters  with  melted  wax  upon  a  green,  unripe  fruit  (an  apple  or 
pear,  for  instance),  and  in  time,  when  the  apple  has  turned  of  a  bright  red  color, 
the  wax  may  be  rubbed  off,  and  that  part  which  lay  directly  under  the  wax  will 
be  found  unchanged,  and  thus  the  letters  or  devices  will  be  green  on  a  red  ground. 

One  of  the  first  to  remark  the  effects  of  light  upon  silver,  or  a  compound  of 
this  metal,  was  a  Swede  by  the  name  of  Charles  William  Scheele.  He  noticed 
that  chloride  of  silver  darkened  by  the  effects  of  light,  and  during  the  course 
of  some  experiments,  he  found  that  some  of  the  colored  rays  were  more  active 
than  others  in  producing  a  darkening  effect.  The  greatest  effect  was  produced 
as  he  approached  the  violet  ray.  He  moistened  a  sheet  of  white  paper  with  a 
solution  of  nitrate  of  silver,  and  covered  a  portion  of  it.  When  exposed  to  the 
light  the  paper  remained  unchanged  under  the  protected  or  covered  part,  but 
the  exposed  part  gradually  darkened  until  it  became  perfectly  black. 

THEORY  OF  PHOTOGRAPHY. 

In  the  year  1802,  a  series  of  experiments  was  made  by  Josiah  Wedgewood, 
and  also  by  Sir  Humphrey  Davy.  They  employed  paper,  and  also  leather,  which 
they  sponged  over  with  a  solution  of  nitrate  of  silver,  and  on  this  prepared 
paper  they  placed  a  plate  of  glass,  upon  which  a  picture  had  been  painted. 
When  this  was  exposed  to  the  sun's  rays,  the  rays  passing  through  different 
parts  of  the  picture,  according  to  its  intensity,  produced  a  duplicate  copy  of  the 
original,  with  the  exception  that  it  was  in  the  reverse  order,  i.  e.,  those  parts 
which  were  blackest  in  the  painting  were  whitest  in  the  copy,  and  vice  versa.  But 
it  unfortunately  happened,  that  when  the  glass  picture  was  removed  the  light 
had  free  action  on  all  those  parts  which  had  heretofore  been  protected,  and  the 
consequence  was  that  the  whole  surface  of  the  paper  soon  darkened,  and  thus 
the  picture  was  lost. 

At  that  time  no  substance  was  known  of  such  a  nature,  that  it  would  remove 
that  portion  of  the  silver  on  the  paper  which  had  been  before  protected,  and  at 
the  same  time  produce  no  effect  on  that  portion  which  had  been  affected  by  the 
light.  Consequently  there  were  no  means  of  "fixing" — as  it  is  termed — the 
picture  so  that  its  future  exposure  to  light  would  be  attended  with  no  injurious 
effects. 


OUTLINES  OF  CHEMISTRY. 


93 


Sir  Humphrey  Davy  obtained  a  faint  picture  on  paper  from  the  image  of 
objects  formed  by  the  solar  microscope. 

In  the  year  1814,  Joseph  Niepce  employed  a  substance  known  under  the 
name  of  bitumen  of  Judea.  He  noticed  that  light  acted  upon  this  substance  in 
such  a  manner  that  it  became  insoluble  in  certain  kinds  of  oils,  but  retained  its 
soluble  properties  in  that  part  which  had  not  been  affected  by  light.  The  bitu- 
men was  spread  on  a  metal  plate,  and  exposed  in  a  camera  for  some  hours,  after 
which  it  was  removed,  and  washed  over  with  an  oily  solvent,  which  dissolved 
the  shadows,  or  unaffected  parts,  and  left  the  lights  which  remained  on  the 
plate,  thus  giving  a  reversed  picture  of  the  object. 

It  had  been  known  for  some  time,  the  manner  of  forming  (what  may  be  called) 
spectral  impressions,  which,  though  invisible,  may  be  made  visible  by  adopting 
certain  measures. 

Mr.  Ludwig  Moser  made  some  very  curious  experiments  in  this  direction,  a 
few  of  which  only  can  here  be  given. 

Experiment  1.  On  the  surface  of  a  cool,  clean  mirror,  place  a  metal  coin,  pre- 
viously heated;  suffer  it  to  remain  for  a  few  moments,  toss  it  off,  and  allow  the 
mirror  to  become  cool  again.  Now,  no  signs  of  any  impression  of  the  coin  can 
be  seen,  but  by  breathing  upon  that  part  of  the  mirror  where  the  coin  had  been 
placed,  a  faint  outline  of  the  coin  will  appear. 

Experiment  2.  Write  with  a  piece  of  French  chalk  upon  a  clean  mirror;  no 
visible  impression  of  the  writing  will  be  apparent,  but.  by  breathing  upon  that 
part,  the  writing  will  appear;  this  may  now  be  gently  rubbed  off  with  a  silk 
handkerchief,  but  the  moment  the  breath  is  applied  the  writing  appears.  This 
may  be  repeated  a  very  great  many  times,  even  after  the  lapse  of  weeks. 

Experiment  3.  Place  a  hot  coin  on  a  plate  of  silver,  toss  it  off,  and  when  the 
plate  becomes  cool,  hold  it  over  the  vapor  of  mercury,  when  the  image  will 
appear. 

Experiment  4.  Moisten  with  the  tongue  one  of  the  fingers,  and  bring  it  near 
the  surface  of  a  cool  mirror  (but  without  touching  it);  the  heat  from  the  finger 
causes  the  glass  to  appear  as  if  breathed  upon.  Now,  remove  the  finger,  and 
allow  the  vapor  to  disappear;  again  breathe  upon  that  part  of  the  glass,  and 
the  impression  of  the  vapor  caused  by  the  finger  will  immediately  reappear. 

These  experiments,  though  simple  in  themselves,  teach  the  very  great  neces- 
sity of  perfectly  clean  glass  for  photographic  purposes.  For,  if  these  invisible 
images  can  be  so  easily  evoked  by  the  simple  breath,  they  will  probably  have  a 
very  injurious  effect  hereafter  under  the  influence  of  delicate  chemicals.  For, 
if  a  glass  plate,  upon  which  a  warm  finger  has  been  placed  (so  as  to  produce 
the  above  effect),  be  now  coated  with  a  delicate  layer  of  collodion,  and  sensitized 
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in  the  nitrate  bath,  and  finally  flowed  with  a  developer,  the  outline  of  the  impres- 
sion of  the  finger  will  be  made  painfully  manifest;  this  effect  taking  place  even 
before  the  exposure  of  the  plate  to  light. 

The  subject,  however,  appears  to  have  attracted  but  little  attention  until  M. 
Niepce  laid  before  the  Eoyal  Society  of  Great  Britain,  in  1827,  the  result  of  his 
experiments  in  this  direction.  Somewhere  about  the  year  1829  M.  Niepce 
formed  a  sort  of  partnership  with  a  French  artist  by  the  name  of  Daguerre,  who 
happened  to  be  experimenting  in  the  same  line.  Four  years  later,  in  1833, 
Niepce  died,  but  Daguerre  continued  his  investigations.  It  was  not  until  1839 
that  he  first  exhibited  the  result  of  his  labors,  and  published  the  process,  which 
took  its  name  from  him. 

This  process  was  at  first  kept  secret,  but  was  soon  purchased  by  the  French 
Government,  and  made  known  to  the  world ;  a  pension  of  6000  francs  being 
awarded  to  Daguerre,  and  one  of  4000  francs  to  the  son  of  JSTiepce. 

It  is  not  a  little  singular  that  substantially  the  same  results  made  known  by 
Daguerre,  were  also  discovered  at  about  the  same  time  by  Mr.  Talbot,  an  English 
gentleman,  who  had  been  engaged  in  investigating  the  chemical  relations  of 
light  for  a  number  of  years  previous. 

The  essential  features  of  the  Daguerreotype  are  as  follows  :  A  highly-polished 
plate  of  copper,  silver-plated,  is  first  exposed  in  a  dark  apartment  to  the  vapor 
of  iodine.  The  iodine  uniting  with  the  silver  forms  a  delicate  layer  of  iodide  of 
silver,  which  is  so  exquisitely  sensitive  to  the  action  of  light  that  it  is  almost 
instantly  decomposed  by  it.  Later  the  plate  was  subjected  to  the  fumes  of  bro- 
mine in  conjunction  with  iodine,  which  forms  an  even  more  sensitive  film  than 
when  iodine  alone  is  employed.  The  plate  is  now  exposed  in  a  camera,  the  time 
varying  from  one  hour  to  three  or  four,  according  to  the  power  of  the  light, 
when  an  image  of  the  object  presented  to  the  camera  will  be  formed.  If  the 
picture  thus  formed  were  now  exposed  to  the  light,  the  latter  attacking  the  rest 
of  the  plate,  the  picture  would  soon  be  lost,  or  overtaken,  as  it  were,  and  no 
trace  of  it  would  be  left.  The  next  step  was  to  remove  the  unaltered  iodide  of 
silver  without  injuring  the  picture. 

This  was  finally  naturally  suggested  by  any  substance  which  would  dissolve 
off  the  iodide.  Hyposulphite  of  soda,  and  cyanide  of  potassium,  both  have  this 
effect;  thus  the  picture  was  rendered  permanent.  Later  it  was  discovered  that 
the  plate  need  not  be  exposed  to  the  influence  of  light  sufficiently  long  to  form 
upon  its  surface  an  image  visible  to  the  eye.  The  image,  though  formed  in  a  few 
seconds,  is  invisible  (latent,  as  it  is  termed),  and  is  brought  out  by  means  of  a 
"  developer,"  namely,  the  fumes  of  mercury.  This  metal,  in  a  fine  state  of 
division,  is  condensed,  and  adheres  to  that  portion  of  the  plate  which  has  been 
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exposed  to  the  light;  and  where  the  shadows  are  very  dark,  there  is  scarcely  a 
trace  of  mercury,  but  where  the  lights  are  strongest,  the  metallic  dust  is  depos- 
ited in  considerable  thickness. 

We  have  shown  that  it  is  not  absolutely  necessary  that  a  surface  be  chemi- 
cally prepared  to  obtain  these  effects.  A  polished  plate  of  metal,  or  of  glass, 
exposed  in  the  camera  for  a  very  long  time  to  a  brightly  illuminated  object  will, 
when  breathed  upon  or  presented  to  the  vapor  of  mercury,  show  that  a  disturb- 
ance has  been  produced  upon  the  portion  illuminated,  whereas  no  change  can  bo 
detected  upon  the  parts  kept  in  the  dark. 

The  reason  why  the  vapor  of  mercury  attaches  itself  to  those  parts  of  the 
plate  which  have  been  affected  by  the  chemical  influence  of  light,  is  not  defi- 
nitely known;  in  all  probability  the  result  is  involved  in  the  action  of  different 
forces. 

The  next  step  was  the  plan  originally  devised  by  Mr.  Talbot.  He  soaked 
paper  in  a  weak  solution  of  salt,  and  when  dry  washed  it  over  again  with  a 
solution  of  nitrate  of  silver.  This  formed  upon  its  surface  a  layer  of  chloride  of 
silver,  brought  about  by  double  decomposition.  Upon  the  paper  thus  prepared 
he  placed  an  engraving  previously  soaked  in  oil  to  render  it  more  transparent. 
In  about  half  an  hour's  exposure  to  sunlight  a  fair  impression  of  the  picture  was 
formed,  with,  however,  the  lights  and  shades  reversed.  This  was  rendered 
permanent  by  washing  in  a  solution  of  common  salt,  which  was  afterwards  sub- 
stituted by  hyposulphite  of  soda. 

In  1841  Mr.  Talbot  still  further  improved  his  process  by  washing  the  paper, 
first  in  nitrate  of  silver,  and  afterwards  in  a  solution  of  iodide  of  potassium. 
Here  he  had  at  once  a  very  sensitive  surface  of  iodide  of  silver,  which  was 
exposed  in  a  camera,  and  in  a  few  hours  the  imago  was  obtained.  He  next  dis- 
covered that  if  the  paper,  which  had  been  exposed  sufficiently  long,  to  obtain  an 
image,  were  washed  over  with  a  solution  consisting  of  nitrate  of  silver  and  gallic 
acid,  the  image  appeared  at  once  with  wonderful  distinctness  and  fidelity. 
Here  the  development  of  the  picture  appeared  to  be  due  to  the  reducing  power  of 
the  gallic  acid.  The  invisible  image  was  also  kept  several  hours  (and,  at  times, 
days)  in  the  dark,  and  then  developed  without  the  least  loss  of  brilliancy  occa- 
sioned by  the  delay. 

It  would  seem  from  this,  then,  that  the  action  of  light,  without  producing  a 
visible  decomposition  of  the  particles  of  the  silver  salt,  however,  produce  a 
peculiar  condition  of  unstable  equilibrium,  which  predisposes  a  decomposition 
immediately  when  acted  upon  by  a  reducing  agent. 

Now,  this  reversed  picture  was  called  a  negative,  and  by  employing  this  negative, 
in  place  of  the  original  engraving,  any  number  of  exact  copies  of  the  engraving 
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itself  may  readily  be  produced.  The  great  drawback  in  all  of  these  experiments 
consists  in  the  coarseness  and  irregularity  of  the  grain  of  the  paper.  It  was 
at  the  suggestion  of  Sir  John  Herschel  that  glass  plates  were  employed.  The 
sensitive  film  was  retained  upon  the  plate  by  means  of  a  mixture  of  albumen, 
and  the  necessary  chemicals. 

M.  Le  Gray,  of  Paris,  then  suggested  collodion  instead  of  albumen,  and  the 
suggestion  was  first  acted  upon  by  Mr.  Archer.  This  great  discovery  brought 
the  art  of  photography  to  its  present  state,  and  no  process  known  can  equal, 
much  less  excel,  the  collodion  process. 

The  chemical  principle  of  light  is,  without  doubt  (like  the  caloric  principle), 
composed  of  rays  of  different  characters  and  different  degrees  of  refrangibility. 
Eecent  experiments  seem  to  show  that  when  the  invisible  rays  (which  occupy 
in  the  spectrum  a  position  beyond  the  violet)  are  .  caused  to  pass  through  a 
solution  of  quinine,  they  are  changed  in  refrangibility  and  become  visible, 
appearing  as  a  sky-blue  light  at  a  point  far  beyond  the  usual  luminous  limit  of 
the  spectrum. 

That  the  luminous  principle  of  light  is  not  necessary  to  form  a  photographic 
image,  may  be  proved  by  taking  a  picture  in  absolute  darkness.  On  the  con- 
trary, it  is  too  well  known,  that  the  yellow  or  luminous  ray  (if  pure),  exercises 
no  effect  whatever  on  a  sensitive  surface.  A  large  prismatic  spectrum  is  thrown 
on  a  lens,  fitted  to  a  dark  chamber,  in  such  a  manner  that  the  only  rays  allowed 
to  pass  the  lens  are  those  situated  at  a  point  beyond  the  violet  ray,  where  there 
is  no  light  at  all,  these  rays  are  directed  upon  any  object,  and  from  that  object 
radiated  upon  a  sensitive  plate ;  in  this  way  an  image  may  be  formed  by  radia- 
tions which  produce  no  visible  effect  upon  the  eye. 

If  an  engraving,  covered  one-half  with  light  yellow  glass,  and  the  other  half 
with  dark  blue  glass,  be  placed  before  a  camera  for  the  purpose  of  copying,  an 
accurate  copy  of  the  half  covered  by  the  blue  glass  (though  totally  invisible), 
will  be  faithfully  made,  whilst  the  half  covered  with  the  yellow  glass  (though 
brilliantly  illuminated),  will  be  totally  neglected. 

A  phenomenon,  not  unfrequently  noticed,  is  that  when  the  atmosphere,  during 
a  certain  state,  is  brilliantly  illuminated  with  a  very  yellow  light,  almost  all 
photographic  action  ceases. 

The  methods  of  procuring  impressions,  by  means  of  the  chemical  action  of 
light,  are  very  various.  Thus,  we  have  the  photograph,  ambrotype,  ferrotype, 
Albertype,  Daguerreotype,  carbon  process,  &c,  &c,  all  of  which,  however,  come 
under  the  general  head  of  photography. 

Such,  then,  is  a  brief  sketch  and  theory  of  the  art  of  photography. 
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PHOTOGEAPHT. 


Photography  (light-drawing)  is  the  art  of  drawing  or  producing  pictures,  or 
copies  of  objects,  by  the  action  of  light  upon  certain  chemical  preparations. 

The  whole  art  is  based  upon  the  circumstance,  that  the  chemical  element  of  the 
solar  ray  is  capable  of  blackening  or  discoloring  certain  compound  substances 
exposed  to  its  influence,  the  principal  of  which  are  the  various  salts  of  silver. 

Although  the  agents  indicated  are  the  ones  chiefly  used  in  photograph}*,  recent 
researches  have  shown  that  nature  abounds  in  materials  susceptible  of  photo- 
graphic action,  and  although  there  are  numerous  processes,  such  as  the  Trans- 
ferring, Dry  processes,  Daguerreotype,  Carbon,  Albertype,  Woodbury  process, 
&c,  &c,  I  shall  only  confine  myself  within  the  limits  of  making  the  negative 
and  its  proof  by  the  nitrate  of  silver  process. 

As  regards  photography  in  colors,  all  attempts  to  produce  photographs  in 
their  natural  colors  have,  as  yet,  been,  on  the  whole,  unsuccessful,  although  a 
partial  success  has,  in  some  instances,  been  attained. 

The  circumstance  that  the  rays  by  which  photographic  effects  are  produced 
are  dark  rays,  entirely  distinct  from  the  rays  constituting  color,  would  appear, 
a  priori,  unfavorable  to  a  successful  result. 

It  is  essential  in  all  photographic  processes  that  the  chemicals  be  in  a  state  of 
purity  as  near  as  may  be.  Almost  all  the  chemicals  used  in  photography  are 
now  prepared  expressly  for  this  purpose,  and  it  is  advisable  not  to  obtain  them 
from  the  druggists. 

As  it  requires  considerable  chemical  knowledge  and  experience  to  test  chemi- 
cals for  impurities,  and  as  it  would  necessarily  occupy  much  time  and  attention, 
I  can  only  advise  your  getting  the  best  procurable  from  first-class  and  reliable 
stockdealers.  A  few  hints,  however,  in  these  pages  may  not  be  out  of  place  on 
the  subject  of 

PHOTOGRAPHIC  CHEMICALS. 
ACETIC  ACID. 
(C<  H3  O3  +  HO  =  60.) 

Is  a  colorless  liquid,  has  a  very  pungent  odor,  boils  at  248°  F. ;  the  vapor  being 
inflammable,  dissolves  in  water,  alcohol,  and  ether;  in  an  impure  state  it  is 
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known  as  vinegar.  That  known  as  Acetic  Acid  "  No.  8"  is  generally  used  in  the 
developer.  When  very  pure,  it  crystallizes  below  60°  F.,  and  is  termed  on  this 
account  glacial  acetic  acid. 

CITRIC  ACID. 

(C12  H5  Ou  +  3HO  =  210.) 

Citric  acid  is  separated  from  lemon-juice  and  other  sour  fruit  by  the  aid  of 
chalk  and  sulphuric  acid.  It  comes  in  large  prismatic  crystals  of  a  pleasant 
taste,  and  readily  soluble  in  hot  and  cold  water.  The  crystals  deposited  from  a 
cold  solution  contain  five  atoms  of  water,  whilst  those  deposited  from  a  hot 
solution  contain  only  four. 

HYDROCHLORIC  ACID. 
(HC1  =  36.) 

Also  called  muriatic  acid.  Pure  hydrochloric  acid  is  a  transparent  gas,  color- 
less, and  possessing  powerful  acid  qualities.  It  is  very  absorbable  by  water, 
which  liquid  takes  up  several  hundred  times  its  own  volume  of  the  gas.  It 
fumes  in  moist  air,  and  has  a  pungent  odor. 

NITRIC  ACID. 
(N06  =  54  +.) 

Also  called  aquafortis.  Perfectly  pure  nitric  acid  is  a  solid.  The  liquid  nitric 
acid  is  colorless,  very  corrosive ;  it  turns  yellow  when  exposed  to  the  light, 
owing  to  a  portion  being  decomposed  and  liberating  nitrous  acid.  This  color 
may  be  driven  off  by  boiling  in  a  glass  vessel.  Owing  to  the  solubility  of  all  its 
compounds,  nitric  acid  cannot  be  precipitated.  It  is  an  extraordinary,  very 
cruel,  and  too  common  experiment  to  call  up  the  power  of  vital  contractility 
under  the  influence  of  a  stimulus,  by  touching  with  a  glass  rod  dipped  in  nitric 
acid  the  heart  of  a  living  rabbit.  In  an  instant  the  heart  shrivels  and  contracts 
to  one-third  its  original  size. 

NITRO-HYDROCHLORIC  ACID. 

(Aqua  Kegia.) 

Is  formed  by  adding  one  part  of  nitric  acid  to  two  or  three  parts  of  hydro- 
chloric acid.  The  nitric  acid,  furnishing  oxygen  to  the  hydrochloric  acid,  forms 
water,  and  the  chlorine  with  nitrous  acid  is  set  free  in  solution.  The  free  chlo- 
rine confers  on  the  mixture  the  property  of  dissolving  gold  and  platinum. 
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(C12  Hc  06  =  126.) 

Pyrogallic  acid  sublimes  when  gallic  acid  is  heated  in  a  retort  to  420°  F.,  in 
the  form  of  white  crystals,  which  are  soluble  in  water.  Should  come  in  delicate 
scales  of  a  pearly  lustre,  has  a  disagreeable  odor  as  of  smoky  wood,  and  should 
be  kept  in  dark-colored  bottles,  well-stoppered. 

SULPHURIC  ACID. 
S03  =  40. 

Also  called  oil  of  vitriol.  Perfectly  pure  sulphuric  acid,  like  nitric  acid,  is  a 
white,  crystalline  solid.  The  liquid  oil  of  vitriol  is  a  very  heavy,  dense,  trans- 
parent and  colorless  liquid  ;  intensely  acid  and  corrosive.  If  equal  parts  of 
sulphuric  acid  and  water  be  suddenly  mixed  and  stirred  together,  the  mixture 
becomes  half  as  hot  again  as  boiling  water. 

TANNIC  ACID. 

(0M  H5  09  +  3  HO.) 

An  astringent  principle  found  in  the  bark  of  the  oak,  nut-galls,  and  other 
vegetable  productions.  With  the  persalts  of  iron  it  yields  a  valuable  precipitate 
of  a  black  color,  the  basis  of  common  writing  ink.  The  gradual  darkening  of 
pale  writing  inks,  is  due  to  the  gradual  oxidation  of  the  iron  they  contain. 

ALBUMEN. 

Albumen  is  widely  disseminated  through  vegetable  structures.  The  white  of 
egg,  and  the  thin,  transparent  parts  of  blood,  being  essentially  composed  of 
albumen,  dissolved  in  water.  Albumen  dissolves  freely  in  cold  water,  and  forms 
a  glazy,  tasteless,  transparent  liquid;  if  heated  to  about  158°  F.  it  coagulates, 
and  becomes  insoluble  in  either  hot  or  cold  water.  When  water  containing  a 
small  portion  of  albumen  is  heated,  the  albumen  coagulates,  and  rises  to  the 
surface  as  a  scum,  carrying  with  it  particles  of  mechanical  impurities  suspended 
in  the  liquid.  It  is  easily  removed  in  this  way  from  the  negative  bath,  in  w  hich 
it  may  have  been  introduced  from  dipping  albumenized  plates.  It  is  removed 
from  the  positive  bath  by  boiling  the  bath  to  dryness,  and  fusing;  the  albumen 
is  burnt  up,  and  becoming  carbonized,  is  insoluble  in  water. 

ALCOHOL. 

(Hydrated  Oxide  of  Ethyle,  C4  H6  02  =46.) 
Alcohol  is  a  limpid,  colorless,  transparent  liquid,  procured  by  the  distillation 
of  wine  or  other  fermented  saccharine  juices.    It  is  very  volatile  and  inflam- 
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mable,  burns  with  a  pale  flame ;  dissolves  numerous  salts,  resins,  camphor,  and 
volatile  oils;  combines  with  water  in  every  proportion;  can  only  be  obtained 
absolutely  free  from  water  by  mixing  it  with  half  its  weight  of  quicklime,  and 
after  keeping  the  mixture  a  few  days,  distilling  it  at  a  low  temperature.  To 
detect  the  amount  of  water  in  alcohol,  we  have  only  to  put  some  in  a  spoon  and 
inflame  it ;  the  residue,  after  the  flame  has  expired,  is  water.  To  partially 
remove  this  water,  add  to  every  gallon  of  alcohol  about  two  pounds  of  unslacked 
lime  in  small  pieces  ;  cork  the  bottle  closely,  and  shake  it  two  or  three  times  a 
day  for  a  couple  of  weeks.  The  lime  has  a  powerful  attraction  for  water,  and 
when  the  alcohol  has  settled  perfectly  clear,  it  may  be  decanted  or  drawn  off 
with  a  glass  syphon.  Alcohol  should  have  a  burning  taste  and  pleasant  odor, 
and  be  neutral  to  test  paper.  If  it  shows  a  trace  of  acidity,  it  may  be  neutral- 
ized with  ammonia,  a  drop  being  enough  to  neutralize  half  a  gallon  of  alcohol. 

AMMONIA. 
(NH3  =  17.) 

Is  a  colorless,  transparent  gas,  of  excessive  pungency;  neutralizes  the  strongest 
acids.  Its  solution  in  water  is  known  as  aqua  ammonia.  The  ordinary  sal  vola- 
tile is  a  carbonate  of  ammonia,  well  known  as  smelling  salts. 

AMMONIUM. 
(Am  =  NH4  =  18.) 

This  is  believed  to  be  of  a  metallic  nature,  and  it  is  now  generally  agreed  among 
chemists  that  ammonium  is  the  basis  of  the  salts  of  ammonia. 

BROMIDE  OF  AMMONIUM. 
(NH4  Br  =  98.) 

Should  be  in  fine  white  crystals,  somewhat  like  fine  table  salt  (chloride  of 
sodium),  soluble  in  alcohol  and  in  water. 

CHLORIDE  OF  AMMONIUM. 
(NH4  CI  =  53.5.) 

Also  called  sal  ammoniac,  muriate  of  ammonia.  Comes  in  lumps,  resembling 
alum  ;  used  chiefly  for  salting  papers.  Ammonia  was  formerly  procured  by 

distilling  the  horns  of  deers  and  harts,  hence  it  derived  the  name  of  hartshorn. 

IODIDE  OF  AMMONIUM. 
(NH4  I  =  145.) 

There  are  three  varieties  sold  for  photographic  purposes  :  1st,  in  little  particles 
resembling  brown  sugar;  2d,  in  scales  of  a  pale  yellow  color;  3d,  in  a  white 
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powder.  The  yellow  and  brownish  colors  in  the  1st  and  2d  are  due  to  free 
iodine.  This  is  not  an  objection  ;  on  the  contrary,  I  recommend  the  darker 
colors  to  use  in  collodion.  It  is  soluble  in  alcohol  and  in  water,  and  is  not  pre- 
cipitated by  the  addition  of  ether. 

BROMIDE  OP  CADMIUM. 
(Cd  Br  =  136.) 

The  crystals  come  in  long  silky  needles;  dissolves  in  water  and  in  alcohol. 

IODIDE  OF  CADMIUM. 
(Cd  I  =  183.) 

Should  come  in  scales  of  a  pearly  lustre,  very  heavy ;  dissolves  in  water  and 
in  alcohol. 

CHLORIDE  OF  CALCIUM. 
(Ca  CI  =  55.) 

This  salt  has  a  very  great  attraction  for  water,  and  if  left  uncorked  in  a  bottle, 
rapidly  deliquesces.    Used  in  photography  in  making  collodio-chloride. 

CHLORINE. 

(CI  =  35.) 

Chlorine  is  a  gas  of  a  yellowish-green  color  (henco  its  name),  with  a  peculiarly 
suffocating  odor.  Any  attempt  to  respire  the  gas  in  a  pure  state  would  be  fatal. 
As  it  is  decomposed  by  the  action  of  light,  it  must  be  preserved  in  the  dark.  It 
is  a  supporter  of  combustion,  but  its  effects  are  strikingly  different  from  those 
manifested  by  oxygen.  A  piece  of  naming  charcoal  plunged  into  a  vessel  of 
chlorine  is  extinguished  as  instantly  and  completely  as  if  plunged  into  a  vessel 
of  water.  The  intense  affinity  which  chlorine  manifests  for  hydrogen  has 
already  been  noticed. 

The  theory  of  the  bleaching  of  chlorine  is,  that  when  chlorine  is  brought  into 
contact  with  animal  or  vegetable  coloring  matter,  nearly  all  of  which  contain 
hydrogen,  the  hydrogen  unites  with  the  chlorine,  and  thus  changes  the  original 
arrangement  of  the  particles  upon  which  the  color  of  the  body  depends,  and 
thus  the  color  is  destroyed.  Chlorine  combines  with  all  the  non-metallic  ele- 
ments, wTith  perhaps  a  single  exception. 

A  piece  of  paper  dipped  in  oil  of  turpentine  takes  fire  immediately  if  it  is 
plunged  into  a  jar  of  chlorine,  and  several  of  the  metals,  in  fine  division  or  leaf, 
undergo  spontaneous  ignition  in  the  same  manner. 
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SULPHURIC  ETHER. 

(Oxide  of  Ethyle,  C4  H5  O.) 

SuljDhuric  ether  is  obtained  by  distilling  equal  parts,  by  weight,  of  sulphuric 
acid  (oil  of  vitriol)  and  alcohol.  (The  oxide  of  ethyle,  as  just  stated,  is  ether 
itself;  the  hydrated  oxide  is  alcohol.)  Ether  is  a  colorless  and  limpid  liquid  of 
a  peculiar  and  fragrant  odor.  It  volatilizes  with  rapidity  and  thereby  produces 
cold ;  it  burns  with  the  evolution  of  much  more  light  than  alcohol.  It  mixes 
with  alcohol  in  all  proportions,  but  it  requires  ten  parts  of  water  to  dissolve  one 
part  of  ether.  Few  of  the  salts  can  be  dissolved  in  ether;  hence,  when  alcohol 
containing  such  salts  in  solution  is  poured  into  ether,  the  salts  are  to  a  certain 
extent  precipitated.  The  vapor  of  ether  is  very  heavy;  thus  it  should  not  be 
poured  from  any  vessel  near  and  above  a  flame.  It  should  be  neutral  to  test 
paper.  If  kept  in  contact  with  air  it  becomes  acid  from  the  production  of  acetic 
acid.    Like  alcohol,  it  must  be  kept  in  well-stoppered  bottles. 

GELATINE. 

(C13  H10  N2  05.) 

Gelatine  is  pure  glue,  softens  and  swells  in  cold  water,  but  dissolves  only  in 
hot  water. 

CHLORIDE  OP  GOLD. 

*  (Au  Cl3  =  303.) 

Chloride  of  gold  is  prepared  by  dissolving  metallic  gold  in  aqua  regia.  Gold 
may  be  had  in  flat  bands,  as  foil,  from  the  assayers,  or  in  default  of  which,  coin 
may  be  used.  Into  a  porcelain  or  glass  evaporating  dish  mix  one  part  of  nitric 
acid,  CP,  with  two  or  three  parts  hydrochloric  acid,  CP ;  warm  the  mixture  gently 
over  a  spirit  lamp,  and  add  the  gold,  little  by  little  as  it  dissolves,  which  it  will 
soon  do  with  effervescence  and  disengagement  of  red-  vapor  (which  is  highly 
poisonous,  consequently  the  operation  should  be  conducted  where  a  chimney 
may  carry  off  these  fumes).  The  heat  must  be  very  gentle,  for  if  the  tempera- 
ture be  raised  too  high,  much  of  the  chlorine  will  be  carried  off  (this  must  be 
avoided,  since  it  is  the  chlorine  which  dissolves  the  gold).  The  liquid  will 
become  of  a  bright  yellow,  and  when  all  the  gold  is  dissolved  the  evaporation 
must  be  continued  to  dryness  nearly.  A  blackish-yellow  mass  will  be  the  result; 
into  this  pour  a  few  ounces  of  water  and  again  dissolve  to  dryness;  repeat  this 
once  more.  Having  weighed  the  gold  beforehand,  add  to  every  grain  of  gold 
dissolved,  one  drachm  of  water.  This  is  a  solution  of  chloride  of  gold.  When 
the  gold  has  been  evaporated  two  or  three  times,  there  remains  always  a  floe- 
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culent  deposit,  which  refuses  to  dissolve;  this  is  a  chloride  of  silver  with  which 
the  gold  was  alloyed.  A  solution  of  chloride  of  gold  thus  prepared  is  very  acid, 
and  it  is  necessary  that  it  should  be  so,  since  the  gold  if  neutral  is  very  shortly 
precipitated,  especially  if  exposed  to  the  light ;  therefore  it  is  only  necessary  to 
neutralize  it  at  the  time,  and  in  such  quantity  as  desired,  when  wanted  for  the 
toning  bath. 


Great  care  must  be  taken  never  to  attempt  to  neutralize  chloride  of  gold 
with  ammonia,  which  gives  a  brownish-yellow  precipitate,  known  as  fulminating 
gold,  a  compound  of  a  most  dangerously  explosive  nature.' 


Fig.  109. 
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HYDROGEN. 

(H  =  l.) 

Hydrogen  is  a  transparent  and  colorless  gas,  and  when  pure  it  has  neither 
taste  nor  smell.    Though  highly  inflammable,  it  does  not  support  combustion, 
and  is  the  liglrtcst  substance  known.  The  following  curious  exper-         Fie  m 
iment  proves  these  facts  at  the  same  time:  Introduce  a  lighted 
taper  affixed  to  a  bent  wire,  B  (Fig.  108),  in  a  tall  glass,  A,  full  of 
hydrogen.    As  the  taper  passes  the  mouth  of  the  jar,  there  is  a 
feeble  explosion  ;  the  hydrogen  taking  fire,  burns  with  a  pale  flame 
— at  the  mouth  of  the  jar  only — but  as  soon  as  the  taper  is  im- 
mersed into  the  atmosphere  of  the  gas,  it  (the  taper)  is  immedi- 
ately extinguished.   It  may,  however,  be  relighted  as  it  is  brought 
out  of  the  jar,  at  the  burning  hydrogen  ;  this  may 
be  repeated  several  times  in  succession.     1.  The 
combustibility  of  the  gas.    2.  Its  quality  of  sup-  ^J^^J^W 
porting  combustion  are  obvious.    3.  Its  lightness 
is  proved  by  its  not  flowing  out  at  the  mouth  of  the  jar. 

Experiment. — Into  a  bottle,  A  (Fig.  109),  fitted  with  a  close  cork, 
and  the  stem  of  a  tobacco  pipe,  B,  are  placed  a  few  pieces  of  clean 
zinc  or  iron  (tacks  or  small  nails  will  answer),  upon  which  is  poured 
a  mixture  of  water,  eight  parts,  and  sulphuric  acid,  one  part.  A 
violent  effervescence  takes  place,  and  hydrogen  is  evolved.  It  is 
absolutely  necessary  to  allow  the  gas  to  escape  for  a  few  minutes 
before  attempting  to  light  it,  because  a  mixture  of  hydrogen  with 
the  oxygen  of  the  atmosphere  forms  a  violently  explosive  mixture. 
When  the  gas  has  escaped  for  a  few  minutes,  put  in  the  cork,  and 
the  gas  may  be  lighted  at  the  end  of  the  pipe.  This  experiment  is  called  the 
philosophical  candle.  I  have  shown  in  Acoustics  that  musical  sounds  originate 
in  vibratory  movements  communicated  to  the  air;  if  the  flame  of  the  philo- 
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sophical  candle  is  covered  by  a  long  glass  tube,  C  (the  neck  of  a  broken  retort 
will  answer),  an  intensely  powerful  sound  is  emitted. 

The  cause  of  this  is,  that  the  hydrogen,  in  burning  in  the  tube,  gives  rise  to 
a  series  of  small  explosions,  which  follow  each  other  with  great  rapidity, 
throwing  the  air  in  the  tube  into  a  vibratory  state.  Accordingly  as  the  tube 
is  raised  or  lowered,  these  explosions  follow  each  other  with  different  degrees 
of  rapidity,  sometimes  producing  a  clattering  sound,  and  then  a  pure  musical 
note. 

When  a  mixture  of  hydrogen  and  oxygen  is  forced  through  a  tube  and  ignited, 
the  mixed  gases  burn  with  an  intense  heat.  By  this  arrangement,  known  as 
the  hydro-oxygen  blowpipe,  substances,  perfectly  infusible  in  a  common  furnace, 
melt  at  once.  This  flame,  thrown  on  a  piece  of  lime,  constitutes  the  Drummond, 
or  hydro-oxygen  light.  The  intensity  of  this  heat  depends  on  the  fact  that, 
unlike  ordinar}^  flame  (which  is  hollow),  it  is,  as  it  were,  solid  ;  i.  e.,  incandescent 
throughout  all  its  parts.  . 

As  respects  the  animal  economy,  hydrogen  gas  does  not  exert  any  direct 
deleterious  effects,  and  although  it  cannot,  of  course,  carry  on  the  functions  of 
respiration,  yet  it  can,  for  a  short  time,  be  introduced  into  the  lungs  with 
impunity.  If  a  person,  whose  lungs  are  inflated  with  it,  attempts  to  speak,  his 
voice  resembles  the  feeble  and  shrill  voice  of  a  child.  This  arises  from  the 
small  density  of  the  gas.  A  bell  rung  in  this  gas  emits  almost  as  feeble  a  sound 
as  if  rung  in  a  vacuum. 

IODINE. 
(1  =  127.) 

Iodine  is  a  bluish-black  substance  of  metallic-appearing  scales;  has  a  pungent 
smell,  somewhat  resembling  chlorine;  very  sparingly  soluble  in  water,  but 
abundantly  so  in  alcohol  and  in  ether. 

IODIDE  OF  IRON. 

(Fe  1  =  155.) 

Iodide  of  iron  is  very  soluble  in  water  and  in  alcohol.  It  has  been  recom- 
mended as  an  accelerator  in  collodion.  Its  use  for  that  purpose,  however,  is 
very  questionable,  as  it  is  highly  detrimental  to  the  negative  bath. 

PROTOSULPHATE  OP  IRON. 
(Fe  O,  S03  +  7  Aq  =  139.) 
Also  called  copperas  or  green  vitriol,  comes  in  large,  brilliant,  emerald-green 
crystals,  dissolves  readily  in  water,  forming  a  solution  used  in  photography  to 
develop  the  latent  image. 
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KAOLIN  (CHINA  CLAY), 

Being  a  substance  insoluble  in  water  and  acids,  and  having  no  effect  of  an 
injurious  nature  on  solutions  of  nitrate  of  silver,  is  used  in  photography  to  carry- 
down  mechanical  impurities  in  the  printing  bath.  It  may  be  washed  in  any 
dilute  acid  to  remove  contaminations. 

LITMUS. 

Litmus  is  derived  from  plants  or  lichens  called  Rocella  tinctoria,  Lecanora 
tartarea.  Mixed  with  ammonia  it  assumes  a  deep  purple  tint,  which  is  made  up 
into  little  balls  with  chalk.    It  is  used  in  the  preparation  of  test  papers. 

BICHLORIDE  OF  MERCURY. 
(Hg  CI  =135.) 

Also  called  corrosive  sublimate ;  a  very  poisonous,  corrosive,  and  semi-trans- 
parent salt;  Sparingly  soluble  in  water.  Its  solubility  in  water  may  be  increased 
by  adding  a  little  hydrochloric  acid.  Used  to  strengthen  the  photographic 
image. 

NITROGEN. 

(N  =  14.) 

Nitrogen  is  prepared  simply  by  depriving  the  atmosphere  of 
its  oxygen.  If  a  piece  of  phosphorus,  supported  in  a  basin  of 
water  (Fig.  110),  be  inflamed,  and  immediately  covered  with  a 
bell  glass,  it  will  be  consumed,  white  flakes  of  phosphoric  acid 
forming,  which  are  eventually  dissolved  by  the  water,  and 
nitrogen  gas  remains  in  the  bell  glass.  It  is  a  colorless,  taste- 
less, and  inodorous  body;  does  not  support  respiration  nor  com- 
bustion.   It  was  formerly  called  azote. 

THE  ATMOSPHERE 

Is  a  mixture  of  oxygen  and  nitrogen  gases,  in  the  proportion  of  about  21  of 
oxygen  to  79  of  nitrogen. 

PROTOXIDE  OF  NITROGEN. 

(NO  =  22.) 

Also  called  laughing  gas;  is  procured  by  heating  6  or  8  ounces  of  nitrate  of 
ammonia  in  a  glass  retort,  by  means  of  a  spirit-lamp;  at  about  350°  to  400°  F., 
the  salt  melts,  and  apparently  boils;  it  is,  however,  simply  undergoing  decom- 
position, by  which  it  is  entirely  resolved  into  gaseous  protoxide  of  nitrogen  and 

14 


106 


THE  SKYLIGHT  AND   THE  DARK-ROOM. 


steam  (water).  The  temperature  must  be  very  carefully  watched,  and  not 
allowed  to  rise  so  high  as  to  occasion  white  vapors  in  the  retort.  The  gas  must 
be  received  into  a  gasometer  filled  with  water,  in  contact  with  which  it  must 
remain  an  hour  or  so  before  attempting  to  respire  it.  If  pure,  it  may  be  respired 
for  a  few  minutes  with  perfect  safety,  and  produces  a  species  of  transient  intoxi- 
cation, attended  generally  with  an  irresistible  propensity  to  uncontrollable 
laughter,  hence  its  name.  It  is  peculiar,  that  the  intoxication  produced  by  this 
gas  passes  off  in  a  few  minutes,  and  no  lassitude  is  perceived  after  extreme 
exertion.  The  gas  should  be  inhaled  from  a  large  bladder  or  gas  bag,  through 
a  tube  of  about  one  inch  internal  diameter. 

OXYGEN. 
(0  =  8.) 

Oxygen  gas  is  probably  the  most  abundant  of  the  elements.  It  constitutes 
one-third  of  the  weight  of  the  solid  mass  of  the  earth,  eight-ninths  of  that  of 
water,  and  one-fifth  the  volume  of  the  air.  It  is  conveniently  prepared  by 
heating,  in  an  iron  or  a  copper  retort,  a  mixture  of  chlorate  of  potash  and  black 
oxide  of  manganese!  The  peroxide  of  manganese  takes  no  part  in  the  change, 
but  serves  to  cause  the  decomposition  to  go  on  at  a  low  temperature.  The  gas 
is  received  under  water.  Oxygen  is  colorless,  odorless,  tasteless,  soluble  to  a 
small  extent  in  water, — 100  parts  of  water  taking  up  4  parts  of  oxygen.  It  is  on 
the  oxygen  so  found  in  water  that  the  aquatic  animals  depend  for  their  respira- 
tory process.  On  immersing  a  lighted  taper  in  a  jar  of  oxygen,  the  light 
becomes  of  an  intensely  dazzling  whiteness,  the  taper  rapidly  wasting  away. 
Though  the  great  supporter  of  combustion,  it  is  not  of  itself  inflammable. 

PYROXYLINE. 

(A  species  of  gun-cotton.    Papyroxyline,  a  species  of  gun-paper.) 

This  is  a  remarkable  compound.  There  are  various  species.  Gun-cotton  was 
proposed  as  a  substitute  for  gunpowder  by  Schonbein.  It  appears  white,  like 
ordinary  cotton,  the  fibre  being  little  changed  ;  it  is  somewhat  harsher  to  the 
touch  than  cotton.  When  perfectly  dry  it  explodes  when  heated  to  about 
300°  F.,  or  by  the  blow  of  a  hammer.  Gun-cotton  is  prepared  by  soaking  cot- 
ton in  a  mixture  of  nitrate  of  potash  and  oil  of  vitriol  for  a  few  moments,  and 
washing  the  result  to  free  it  from  the  potash  salt.  The  preparation  of  pyroxy- 
line  presents  no  very  serious  difficulties,  though  it  is  attended  with  considerable 
care  and  precaution.    The  reader  is  not  advised  to  make  it  himself,  as  it  may  be 
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bought  in  great  variety  from  the  stock  houses.  Still,  for  the  sake  of  those  curi- 
ously inclined,  I  give  the  simplest  directions  for  its  preparation. 

Provide  a  water-bath,  A  B  (Fig.  Ill),  which 
may  be  made  of  common  tin,  a  glass  evapo- 
rating dish,  C,  and  a  small  gas  burner,  E, 
whereby  the  heat  of  the  water  in  the  bath 
may  be  carefully  regulated,  and  tested  with  a 
thermometer,  F,  furnished  with  a  hinged  scale. 
Pulverize  thoroughly  in  a  porcelain  or  glass 
mortar,  six  ounces  of  C.  P.  nitrate  of  potash 
(saltpetre),  after  which  dry  it  on  a  glass  plate 
placed  on  a  stove  until  quite  warm.  Next 
pour  twelve  ounces  of  sulphuric  acid,  C.  P.,  into  the  evaporating  dish,  and  add 
gradually  the  nitrate  of  potash,  stirring  meanwhile  with  a  glass  rod.  The  pot- 
ash will  at  first  have  a  tendency  to  form  in  lumps,  which  will,  however,  grad- 
ually disappear  with  the  stirring,  until  finally  the  whole  will  form  a  transparent, 
glutinous  liquid. 

Next  take  perfectly  clean,  carded  cotton,  which  has  been  previously  boiled  for 
an  hour  or  so  in  a  weak  solution  of  carbonate  of  soda  in  water,  and  afterwards 
thoroughly  dried.  Turn  on  the  gas  and  stir  the  mixture  with  the  bulb  of  the 
thermometer,  until  the  temperature  of  the  mixture  reaches  about  150°  F.,  at 
which  point  it  must  be  carefully  maintained  during  the  subsequent  operation. 
Now  introduce  about  125  grains  of  the  cotton  in  little  tufts,  and  stir  them  thor- 
oughly about  in  the  mixture  for  about  twelve  or  fourteen  minutes.  Throw 
the  contents  of  the  dish  into  a  large  tank  of  running  water  (the  acid  being  of 
no  further  use),  and  with  the  hands  rapidly  agitate  the  cotton  about  for  five  or 
ten  minutes,  after  which  the  cotton  may  be  suffered  to  remain  in  the  running 
water  for  twenty-four  or  thirty  hours.  Finally,  wash'  the  cotton  in  water,  to 
which  has  been  added  about  one  drachm  of  liquor  ammonia  to  every  pint,  in  order 
to  remove  the  last  traces  of  acidity.  It  may  now  be  squeezed  out  once  or  twice 
with  alcohol,  and  picked  apart  with  the  fingers,  and  suffered  to  dry  spontane- 
ously. 

NITRATE  OP  POTASH. 

(KO,  NO5  =  101.) 

Also  called  nitre,  and  saltpetre ;  crystallizes  in  six-sided  prisms;  is  an  essential 
ingredient  in  gunpowder.  Paper  soaked  in  a  solution  of  nitrate  of  potash  and 
water,  is  called  touch-paper. 
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BROMIDE  OF  POTASSIUM. 
(K  Br  =  119.) 

Crystallizes  in  anhydrous  cubes;  soluble  in  water,  and  scarcely  so  in  alcohol. 

CYANIDE  OF  POTASSIUM. 

(K  Cy  =  65.) 

A  white  mass  somewhat  resembling  porcelain,  freely  soluble  in  water;  when 
taken  into  the  stomach  is  a  deadly  poison;  also  causing  ulceration  if  it  gets  into 
cuts  and  sores.  Used  in  photography  to  "fix"  ambrotypes  and  ferrotypes,  and 
for  extracting  silver  stains  from  the  hands  and  linen. 

IODIDE  OF  POTASSIUM. 
(KI=  166.) 

Crystallizes  in  cubes  and  prismatic  forms;  soluble  in  water,  and  scarcely  so 
in  alcohol. 

SULPHURET  OF  POTASSIUM. 

Also  called  liver  of  sulphur;  comes  in  a  greenish-brown  mass,  with  a  highly 
offensive  smell,  like  rotten  eggs.  Used  in  photography  to  strengthen  the  nega- 
tive, and  to  precipitate  the  silver  (waste)  solutions. 


AMMONIO-NITRATE  OF  SILVER 

Is  formed  by  adding  aqua  ammonia  to  a  solution  of  nitrate  of  silver  in  water, 
until  the  brown  precipitate  (oxide  of  silver)  which  first  forms,  is  redissolved. 


BROMIDE  OF  SILVER. 
(Ag  Br  =188.) 

Is  formed  by  adding  a  solution  of  any  bromide  in  water  to  a  solution  of 
nitrate  of  silver  in  water.  The  bromide  of  silver  falls  down  as  a  dense,  curdy, 
yellowish-white  precipitate,  insoluble  in  water.  Turns  gray  on  exposure  to 
light. 

CARBONATE  OF  SILVER. 
(Ag  O,  C02=138.) 

Formed  by  adding  any  carbonate  (as  above)  to  a  solution  of  nitrate  of  silver. 
Is  a  yellowish-white  precipitate,  only  slightly  soluble  in  water. 
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CHLORIDE  OF  SILVER. 

(AgCl=143.) 

Formed  by  adding  any  chloride  (as  above)  to  a  solution  of  nitrate  of  silver. 
Is  a  eurdy,  white  precipitate,  insoluble  in  water.  Turns  violet,  and  finally 
black,  if  exposed  to  light. 

HYPOSULPHITE  OF  SILVER. 
(Ag  O,  S2,  02=  164.) 

Formed  by  adding  a  solution  of  nitrate  of  silver  to  a  solution  of  hyposulphite 
of  soda.    White,  nearly  insoluble,  and  of  a  sweet  taste. 

It  is  a  curious  fact,  that  nitrate  of  silver  and  hyposulphite  of  soda,  two  of  the 
bitterest  substances  known,  when  mixed  together  form  hyposulphite  of  silver, 
the  sweetest  substance  known. 

IODIDE  OF  SILVER. 

(Ag  I  =  235.) 

Formed  by  adding  any  iodide  (as  above)  to  a  solution  of  nitrate  of  silver;  a 
dense,  curdy,  yellowish-white  precipitate  is  thrown  down,  insoluble  in  water. 
Turns  brown  when  exposed  to  light. 

NITRATE  OF  SILVER. 
(Ag  O,  NO5=170.) 

Properly,  nitrate  of  the  oxide  of  silver;  also  called  luna  caustic.  Formed  by 
dissolving  metallic  silver  in  nitric  acid,  and  evaporating  to  crystallization. 
Crystallizes  in  flat  tablets,  very  heavy.  When  fused,  and  cast  into  sticks,  is 
called  luna  caustic.  As  in  the  case  of  pyroxyline,  nitrate  of  silver  may  be 
obtained  sufficiently  pure  for  photographic  purposes  from  the  stockdealers; 
but,  for  the  information  of  those  who  may  be  situated  at  a  distance  and  unable 
to  procure  it  for  immediate  use,  the  following  method  of  preparation  will  be 
found  simple  and  effective: 

Into  a  large  evaporating  dish,  of  not  less  than  one  gallon  capacity,  put  a  mix- 
ture of  nitric  acid,  C.  P.,  1  part,  pure  water  2  parts;  set  the  dish  upon  a  convenient 
stove — an  ordinary  gas  stove  will  answer — where  the  fumes  may  escape  either 
in  the  open  air  or  up  a  chimney.  Add  to  this,  gradually,  metallic  silver,  in 
as  pure  a  state  as  you  can  procure  it.  This  may  be  had  from  the  assay er,  in 
sheet  like  tin-foil,  or  in  default  of  which  use  silver  coin.  The  silver  must  be  cut 
into  small  pieces,  and  occasionally  stirred  with  a  glass  rod.  As  the  temperature 
is  gradually  raised,  the  silver  will  bo  dissolved,  a  violent  chemical  action  taking 
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place;  the  silver  must  be  gradually  added  until  all  action  has  ceased,  and  there 
appears  a  liberation  of  red  vapor  (peroxide  of  nitrogen),  which  you  must  be 
careful  not  to  inhale,  as  it  is  very  poisonous;  especially  will  this  be  the  case 
should  the  silver  used  be  adulterated  with  copper,  as  in  silver  coin.  The  silver 
being  all  dissolved,  remove  the  dish  from  the  fire,  and  suffer  it  to  cool;  filter  the 
solution  through  several  thicknesses  of  filtering  paper ;  if  it  should  not  run 
through  clear  in  the  first  place,  it  must  be  filtered  again  through  the  same  filter. 
Replace  the  clear  liquid  again  in  the  dish  and  evaporate  to  dryness,  when  there 
will  remain  a  mass  of  fine,  snow-white  crystals.  Continue  the  heat,  and  the 
crystals  will  gradually  assume  a  grayish-brown  color,  caused  by  the  liberation 
of  oxide  of  silver.  Remove  the  dish  from  the  fire  and  suffer  it  to  cool,- when 
the  gray  mass  must  again  be  dissolved  in  pure  water.  Now,  if  you  like,  you  may 
dilute  the  murky  solution  until  the  hydrometer  marks  25  to  30  grains,  and  filter 
for  the  nitrate  bath  at  once ;  or  add  a  sufficient  quantity  of  water  to  dissolve  the 
gray  mass,  filter  very  clear,  and  evaporate  to  dryness.  The  white  crystals  may 
now  be  scraped  out  with  a  glass  rod,  and  preserved  in  a  well-stoppered  bottle. 

OXIDE  OF  SILVER. 
(Ag  O  =  116.) 

Formed  by  adding  a  solution  of  potash  (or  ammonia)  to  a  solution  of  nitrate 
of  silver.  A  brownish-black  precipitate  is  thrown  down,  nearly  insoluble  in 
water. 

HYPOSULPHITE  OF  SODA. 

(Na  O,  S2  02  +  5  Aq  =  124.) 

Is  manufactured  on  a  large  scale;  resembles  rock  salt ;  is  used  in  photography 
for  "  fixing  "  the  print  and  negative. 

PHOSPHATE  OF  SODA. 

(2  Na  O,  HO,  P05  +  24  Aq  =  358.) 

Comes  in  transparent  crystals ;  gives  a  yellow  lemon-color  precipitate  in  a 
solution  of  nitrate  of  silver.    Used  in  photography,  in  the  toning  bath. 

CHLORIDE  OF  SODIUM. 
(Na  CI  ==  58.) 

Common  salt;  crystallizes  in  cubes;  nearly  insoluble  in  alcohol;  used  in  pho- 
tography in  the  toning  bath;  in  precipitating  chloride  of  silver;  in  washing 
prints;  and  salting  plain  and  albumen  papers. 
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CHLORIDE  OF  STRONTIUM. 

(Sr  CI  =  89.) 

This  salt  somewhat  resembles  the  chloride  of  calcium;  used  in  photography 
for  the  same  purpose.  The  chloride  and  nitrate  of  strontium,  especially  the 
latter,  are  used  in  pyrotechny  as  ingredients  to  form  the  red  fires. 

NITRATE  OF  URANIUM. 
(U2  03  N05  +  6  HO  =  252.) 
Comes  in  greenish-yellow  crystals;  used  in  photography  in  toning  the  print. 

WATER. 

(HO  =  9.) 

Water  is  an  oxide  of  hydrogen.  Perfectly  pure  water  can  only  be  obtained 
by  distillation.  It  should  leave  no  residue  on  evaporation,  neutral  to  test  papers, 
and  remains  perfectly  clear  upon  exposure  to  sunlight  in  glass  jars.  Water  is 
familiarly  spoken  of  as  hard  and  soft.  Hard  water  contains  compounds  of  lime 
or  magnesia,  which  occasion  a  curdling  with  soap  by  producing  with  the  fat  of 
the  soap  a  substance  insoluble  in  water.  Soft  water  is  free  from  mineral  matter, 
and  thus  possesses  a  greater  solvent  power.  The  quantity  of  organic  matter  in 
water  is  always  greater  in  summer  than  in  winter.  When  water  undergoes  the 
act  of  freezing,  it  separates  completely  from  everything  which  it  previously 
held  in  solution;  even  air  contained  in  water  is  expelled  in  the  act  of  freezing, 
and  becoming  entangled  in  the  thickening  fluid,  gives  rise  to  those  minuto 
bubbles  generally  observable  in  blocks  of  ice.  Most  bodies  are  more  soluble  in 
hot  water  than  in  cold,  the  solubility  increasing  with  the  temperature.  Among 
the  few  exceptions  are  common  salt,  lime,  albumen,  which  are  more  soluble  in 
cold  water.  Water  sufficiently  pure  for  photographic  baths  may  be  obtained  by 
any  of  the  following  methods :  1.  By  distillation.  2.  By  melting  pond  ice  in 
an  evaporating  dish,  and  boiling  one  hour.  3.  By  dissolving  120  grains  of 
nitrate  of  silver  in  every  gallon  of  water.  Test  for  acidity.  If  acid,  neutralize 
with  bicarbonate  of  soda,  and  expose  in  white  glass  jars  to  strong  sunlight;  if  it 
contain  organic  matter,  it  will  shortly  become  discolored,  and  finally  turn  black. 
The  blackening  is  caused  by  an  insoluble  precipitate,  which  finally  falls  to  the 
bottom.  When  perfectly  clear  it  may  be  filtered  for  use.  If  hard  water  is  used, 
the  carbonates  and  chlorides  will  form  insoluble  precipitates  of  carbonate  and 
chloride  of  silver,  and  organic  substances  which  are  not  precipitated  will  do  no 
very  great  harm. 
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THE  SKYLIGHT. 

It  seems  almost  superfluous  to  say,  that  the  "build"  of  the  skylight  is  of  the 
first  importance. 

Now,  when  I  say  immediately  after  this,  that  I  have  seen  some  of  the 
best  of  work  made  under  the  worst  of  skylights,  and,  I  regret  to  say,  I  have 
also  seen  some  of  the  worst  of  work  made  under  the  best  of  skylights;  this 
would  seem  to  say,  that  the  skylight  is  of  secondary  importance,  since  the  better 
the  artist,  the  better  the  work.  But  you  are  not  to  misunderstand  me;  because 
a  good  musician  can  produce  good  music  from  an  indifferent  instrument,  it  does 
not  follow  that  an  indifferent  performer  can  produce  good  music  from  a  superior 
instrument.  Naturally,  then,  an  accomplished  and  skilful  artist  can  produce 
better  work,  the  better  the  means  he  has  for  so  doing. 

On  the  shape  and  position  of  the  skylight  various  opinions  exist.  With  many 
it  is  a  matter  of  judgment  and  previous  experience  j  with  more,  who  have  no 
choice,  it  is  a  matter  of  compulsion.  It  is  true  that  many  are  compelled  to 
take  the  "light"  as  they  find  it;  i.e.,  upon  moving  into  a  gallery  already  con- 
structed, they  may  be  forbidden  by  the  landlord  to  alter  it.  Unfortunate  as 
this  may  be,  or  appear  to  be,  we  still  have  it  in  our  power  to  greatly  ameliorate 
the  drawback,  by  a  judicious  management  of  curtains  and  screens.  There  are 
certain  rules  and  facts,  however,  which  are  not  to  be  disregarded.  Some  knowl- 
edge of  light  and  reflection  is  imperative. 

The  contrast  between  light  and  shade  is  a  point  which  cannot  be  overesti- 
mated. If  the  light  come  all  from  one  point,  the  contrasts  will  be  too  violent ; 
whereas,  two  lights,  equally  strong,  from  opposite  directions,  would  place  the 
subject  "  between  two  fires,"  destroy  the  contrasts,  produce  flat  pictures,  and 
consequently  injure  the  stereoscopic  effect.  The  light  thrown  on  the  subject 
should  be  diffused  and  soft.  That  the  direct  light  of  the  sun  must  be  avoided 
is  obvious;  it  is  well  to  remember,  that  if  the  skylight  face  the  east,  you  will 
have  the  rising  sun  streaming  in ;  a  southern  light  admits  the  sun  before  and 
after  noon;  whilst  a  western  light  is  equally  objectionable,  on  account  of  the 
afternoon  sun.  It  is  only  from  the  north  then  that  the  sunlight  can  be  avoided ; 
hence  every  skylight  should  face  the  north. 

It  must  be  borne  in  mind,  that  a  skylight  suitable  for  one  style  of  work  is 
not  always  the  best  for  another  class.  Thus,  a  low  light  is  generally  better  for 
standing  or  entire  figures,  and  gives  brilliancy  to  all  parts  of  the  picture;  whilst 
a  higher  light  is  better  suited  for  head  and  bust  pictures,  being  softer  and  more 
subdued.  Therefore,  it  is  an  essential  point  to  so  construct  the  skylight  as  to 
adapt  it,  as  near  as  may  be,  to  the  producing  of  general  work.    Where  it  is  im- 
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practicable  then  to  have  a  side-light,  the  top-light  should  have  considerable 
slope,  and  thus  give  different  heights.  But  where  it  is  practicable,  I  recom- 
mend a  side-light  and  a  top-light  combined.  Thus,  let  the  side-light  ABDF 
(Fig.  112)  be  not  less  than  seven  feet,  nor  more  than  nine  feet  high;  not  less 

Fig.  112. 
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than  ten  feet,  nor  more  than  fifteen  feet  long.  Let  the  top-light  E  F  C  D  be 
one-fourth  to  one-third  longer  from  C  to  D  than  the  height  of  the  side-light. 
The  "pitch"  of  the  top-light  should  form  an  angle  with  the  horizontal  of  not 
less  than  30°  nor  more  tb-an  40°. 

At  certain  periods  of  the  year  when  the  sun  u  crosses "  at  a  high  elevation, 
its  rays  will  be  apt  to  intrude  themselves  through  the  top-light;  to  avoid  which 
to  a  certain  extent,  it  is  advisable  to  erect  a  barrier,  E  G  and  H  C,  made  of 
lattice-work  blinds,  which  may  be  opened  and  shut  at  pleasure ;  or  two  poles 
may  be  erected,  furnished  with  a  cross-bar  of  iron,  GH,  along  which  may  be 
drawn  a  canvas  curtain.  As  accidents  will  happen,  even  in  the  best-regulated 
families,  so  will  the  best  of  skylights  be  apt  to  leak.  This  may  be  quite  disre- 
garded by  having  narrow  tin  leaders  running  from  the  apex  of  the  top-light 
along  each  sash-bar,  and  emptying  into  a  common  gutter  along  the  top  of  the 
side-light,  thus  effectively  saving  carpets,  furniture,  and  instruments. 

I  further  recommend  glazing  these  sashes  with  perfectly  ivhite  glass,  and 
the  "lights"  (panes)  should  be  as  large  as  practicable,  in  order  to  have  fewer 
sash-bars,  and  fewer  lappings.    Be  careful  to  obtain  glass  which  contains  no 
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manganese  in  its  composition,  as  the  sun's  rays  have  a  tendency  to  turn  such 
glass  of  a  brownish-yellow,  and  in  time  an  enormous  amount  of  actinic  light  is 
debarred  entrance,  much  to  the  surprise  and  chagrin  of  the  uninitiated.  Blue 
glass  is  not  recommended  on  account  of  the  great  loss  of  light  in  dull  weather; 
and  ground  glass,  though  producing  a  soft  and  diffused  light,  cuts  off  nearly 

one-half  the  actinic  rays.  There  is  nothing 
better  than  pure  white  glass.  The  "  lappings  " 
of  the  panes  must  not  be  more  than  one- 
quarter  of  an  inch;  (one-eighth  of  an  inch  is 
quite  sufficient.)  There  need  be  no  fear  from 
leakage  on  this  account. 

It  were  well  if  the  side  light  be  so  con- 
structed with  a  view  to  ventilation  in  summer; 
perhaps  the  simplest  plan  is  to  have  it  divided 
in  sections,  turning  on  pivots,  as  represented 
in  Fig.  113. 

The  methods  of  screening  and  cutting  off 
light  by  means  of.  screens  and  curtains,  are 
various.  A  plan  to  be  recommended  is,  to 
provide  two  or  three  shades  on  spring  rollers,  whose  combined  widths  are  the 
width  of  the  toplight,  the  spring  rollers  being  attached  to  the  highest  point  of 
the  toplight.  These  may  be  made  of  some  stiff  material,  and  of  a  bluish  color. 
A  double  set  of  curtains  may  not  come  amiss,  one  set  being  of  thin  white 
material.  Similar  curtains  for  the  sidelight  may  be  provided,  but  in  this  case 
let  the  spring  rollers  be  attached  to  the  lower  or  bottom  of  the  sidelight.  Or 
the  sidelight  may  be  cut  off  by  movable  screens. 

With  regard  to  the  color  of  the  interior  of  the  skylight-room,  that  known  as 
French  gray  is  perhaps  after  all  the  best  suited. 

The  floor  of  this  room  should  be  very  steady  and  level.  The  flooring  may 
be  laid  with  alternate  strips  of  dark  and  light  woods;  though  the  expense  of 
laying  such  a  floor  is  considerable,  we  must  take  into  consideration  tha*t  it 
lasts  forever  (almost),  and  will  pay  for  a  dozen  oil-cloths  and  mattings.  Such 
a  floor  is  always  agreeable  to  the  eye;  always  presents  a  neat  and  cleanly 
appearance.  When  this  is  not  practicable,  the  floor  may  be  painted  of  a  light 
brown,  or  you  may  use  cocoa  matting,  as  it  prevents  dust  from  rising  in  the  air. 
Its  color  however  is  objectionable.  Carpets,  on  account  of  the  great  dust 
raised  in  sweeping,  are  equally  objectionable  with  oil-cloth,  as  the  latter  soon 
wears  out  from  the  continual  shiftings  of  the  screens,  backgrounds  and  camera 
stands.    Specimens  of  the  different  kinds  of  work  may  be  hung  on  the  walls, 
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or  be  in  a  case,  here,  as  well  as  in  the  reception  room,  as  ready  reference  may 
be  made  to  them  (if  that  has  not  already  been  done  in  the  reception  room)  by 
the  sitter  at  the  time  of  sitting. 

THE  BACKGKOUNDS. 

These  may  be  varied  to  suit  the  taste  of  the  artist.  Though  in  a  portrait 
the  head  is  undoubtedly  of  the  first  consideration,  the  background  is  not  to 
be  neglected.  A  plain,  uniform  background  is  about  the  very  worst  you  can 
select. 

A  carefully  graduated  background  is  of  the  first  importance,  as  it  is  most 
essential  to  relieve  certain  portions  of  the  figure  and  to  contrast  others ;  thus, 
the  lights  in  the  figure  should  be  relieved  by  the  darker  shades  in  the  back- 
ground, and  vice  versa. 

Fancy  painted  backgrounds  are  always  a  dangerous  experiment,  except  in 
the  hands  of  a  master.  Avoid  absolutely  the  irrepressible  column,  the  pedestal, 
the  balustrade,  &c.  The  introduction  of  a  gracefully-falling  curtain,  with  good 
taste  and  in  proper  keeping  with  the  subject,  may  occasionally  be  permitted  to 
relieve  what  otherwise  might  appear  too  monotonous,  or  to  form  a  balance  line, 
which  might  be  requisite. 

ACCESSORIES. 

In  the  introduction  of  accessories  (exteriors)  such  as  rocks,  stumps,  gate- 
ways, shrubbery,  &c,  these  should  be  faintly  though  distinctly  reproduced  on 
the  lower  part  of  the  background,  which  should  be  rather  graduated  by  a  sky 
of  delicate  and  broken  clouds. 

In  the  introduction  of  accessories  (interiors)  the  background  might  be  in 
panels  of  graduated  tints;  or,  if  painted  to  represent  the  light  streaming  in 
from  a  casement,  be  very  careful  that  the  light  falls  on  the  sitter  from  the  same 
direction. 

If  at  any  time  it  be  your  intention  to  print  in  a  natural  background,  or  a  copy 
from  some  work  from  a  second  negative,  by  what  is  called  combination  or 
double  printing,  you  must  of  course  use  si  perfectly  white  background  with  your 
subject. 

Grass  and  moss  are  admirably  represented  by  seaweed,  and  a  species  of 
shaving  used  by  furniture  dealers  with  which  they  pack  their  goods,  and  which 
they  call  "Excelsior." 
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Snow  is  represented  by  cotton-wool  and  common  salt,  strewed  on  a  piece  of 
white  linen.  Ice,  by  blocks  of  rock  salt  on  a  plate  of  zinc  sprinkled  with  salt 
and  cotton-wool. 

Water  is  represented  by  water,  in  shallow,  black  trays,  whose  edges  are  of 
course  concealed  by  stones,  leaves,  &c,  or  by  plate  glasses  with  a  dark  velvet 
backing. 

REFLECTORS. 

It  will  be  necessary  at  times  to  have  a  screen  to  act  as  a  reflector  (Fig.  114), 
covered  with  white  paper  on  one  side,  and  black  muslin  on  the  other. 

Fig.  115. 
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THE  COUNTER-REFLECTOR 


Introduced  by  Mr.  Kurtz,  of  New  York,  will  be  found  to  answer  admirably. 
Let  ABCD  (Fig.  115)  represent  a  light  frame  of  wood  about  6  feet  high  and 
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31  feet  wide  ;  E  F,  E  F  are  two  doors  or  wings  turning  on  hinges  at  A  C  and 
BD,  and  also  on  pivots  at  G  G,  GG;  XXXX  are  four  inner  wings  hinged  to 
the  frame,  whereby  you  may  enlarge  the  opening,  the  lower  wing  turning  on 
centre  pivots  at  P  P.  It  is  lined  on  the  back  with  strong  paper  and  black  mus- 
lin, and  on  the  front  with  pure  white  paper.  Its  application  may  be  better 
understood  by  the  sketch  annexed  (Fig.  116).  Let  AB  represent  a  block  of 
wood,  and  the  light  shining  on  it  in  the  direction  of  the  arrow.  Any  attempt 
to  photograph  this  in  its  present  state  of  illumination  would  be  impossible.  The 
dark  shadow  at  B  would  be  devoid  of  all  detail,  and  the  high  light  at  A  would 
be  too  intense.  Upon  bringing  up  the  reflector  at  C,  the  effect  is  to  drive  the 
shadow  back  again  toward  A,  producing  an  unnatural  lighting  caused  by  being- 
raked  between  two  fires.  Now,  the  counter-reflector  has  the  effect  of  doing 
away  with  this  completely.  It  throws  the  light  in  the  direction  of  the  arrows, 
and  we  have  a  natural  effect,  as  the  counter-reflector  Flo~  ,,- 


prevents  the  shadow  which  otherwise  would  have 
hung  over  the  centre.  The  camera  being  placed  at 
D,  photographs  the  subject  through  the  opening. 

THE  PLATFORM 

Is  another  ingenious  introduction  by  the  same 
gentleman  (Fig.  117).  It  consists  of  a  wooden  plat- 
form about  four  or  five  feet  in  diameter,  on  castors, 
and  neatly  carpeted.  There  are  two  handles,  by 
means  of  which  it  can  be  easily  turned  and  wheeled 
to  any  desired  position  without  disturbing  the 
sitter. 


THE  RECEPTION  ROOM 

Should  be  made  as  neat  and  attractive  as  possible,  and  should  contain  speci- 
mens of  every  kind  of  work  you  intend  to  produce.  If  separated  any  distance 
from  the  skylight,  it  would  be  well  to  have  duplicate  specimens  here  also.  You 
must  know  that  very  many  persons  who  come  "  to  sit"  do  not  make  up  their 
minds  what  kind  or  style  of  picture  they  want,  and  consequently  much  time  is 
lost  in  suggestions  and  explanations.  But  if  they  can  see  every  variety  put 
before  them,  much  inconvenience  is  avoided. 

It  is  also  a  capital  plan  to  have  s<>im>  frames  containing  two  pictures  from  (lie 
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same  negative,  on  the  one  side  the  rough  "proof"  and  on  the  other  side  the  fin- 
ished picture  ready  for  delivery.  Many,  indeed  almost  all,  are  incapable  of 
judging  by  the  rough  proof  how  the  finished  picture  will  appear. 

The  sitter,  after  deciding  which  style  of  picture  is  desired,  should  be  furnished 
with  a  ticket  upon  which  is  clearly  written  his  name,  address,  style  required, 
size,  price,  date,  &c,  &c,  and  a  copy  of  this  ticket  is  to  be  made  in  the  Order 
Book.  This  ticket  is  given  to  the  operator,  who  makes  the  negative  accordingly. 
Immediately  after  development  the  operator  scratches  on  the  plate  with  a  pencil 
of  wood  furnished  with  a  pointed  needle,  the  name  of  the  party,  thus  leaving 
nothing  to  memory. 

The  proof  should  be  printed  and  toned,  mounted,  waxed,  and  pressed  with 
extra  care,  for  upon  this  depends  the  subsequent  order;  therefore  it  ought  to  be 
made  as  attractive  as  possible. 

Upon  the  back  of  the  proof  should  also  be  written  the  name  of  the  sitter. 
The  neglect  of  these  details  may  cause  you  a  serious  loss  of  time,  and  much 
trouble.  Remember  Heaven's  first  law,  Order,  or,  that  "  a  stitch  in  time  saves 
nine."  When  the  order  is  given,  with  the  number,  style,  finish,  &c,  required, 
write  this  immediately  upon  the  ticket,  and  make  an  entry  of  the  same  in  a 
book  expressly  for  this  purpose,  and  when  the  negative  goes  to  the  printer,  let 
this  ticket  accompany  it.  Trust  to  no  verbal  instructions  ;  this,  in  nine  cases  out 
of  ten,  generally  results  in  misunderstandings,  forgetfulness,  &c,  &c.  Let  every 
order  be  written  down  "  in  black  and  white,"  and  like  in  law,  go  by  your  bond. 

That  the  sitter  is  fully  entitled  to  examine  his  proof  before  giving  his  order 
is  unquestionable,  but  you  must  not  try  to  please  too  much.  Show  one  proof, 
or  two,  at  the  most  (never  mind  how  many  negatives  have  been  taken),  for, 
when  a  great  number  of  proofs  are  shown,  which  have  to  run  the  gauntlet  of 
"friends'  criticism,"  it  is  a  serious  error,  as  almost  all  friends  (!)  have  something 
to  say,  and  in  nine  cases  out  of  ten  the  best  picture  is  rejected,  resulting  in  an- 
other sitting ;  whereas,  with  one  or  two  proofs  only  the  choice  is  soon  made,  and 
as  a  general  rule  is  much  more  satisfactory.  Be  the  proofs  of  equal  merit,  the 
sitter  will  no  doubt  wish  to  please  all  his  friends.  You  will  be  very  justly  held 
responsible  for  the  manipulation,  the  pose,  and  the  general  effect,  but  when  we 
come  to  the  expression,  "  aye,  then  comes  the  rub."  You  must  be  firm  here,  but 
gentlemanly  withal.  I  have  known  many  and  many  a  splendid  proof  returned 
because  the  "sitter  did  not  like  the  dress  she  wore  at  that  time;"  "  wants  to  be 
taken  with  her  hair  differently  arranged,  &c,  &c."  Remember,  you  agree  to 
make  a  good  likeness,  and  not  a  picture  of  dress  and  hair.  I  knew  one  lady  return 
her  cards  because  she  wore  the  wrong  ear-rings,  and  yet  she  did  not  discover  the 
fault  (!)  until  it  was  pointed  out  to  her  by  "  one  of  her  friends." 
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THE  DARK-ROOM. 

The  dark-room  should  be  of  course  in  the  immediate  vicinity  of  the  skylight. 
It  should  be  wholly  lined,  floor,  sides,  and  ceiling,  with  wood,  and  painted  in 
oil  of  a  light  yellowish  color,  which  allows  of  its  being  wiped  off,  as  occasion 
may  require,  with  a  damp  cloth.  If  the  room  happens  to  be  papered  and  the 
ceiling  whitewashed,  the  paper,  if  in  good  order,  should  be  painted  as  above 
described ;  the  ceiling  must  be  scraped  off  and  also  painted.  No  projecting 
ledges  must  be  permitted  as  deposits  for  dust.  This  room  should  contain  abso- 
lutely nothing,  except  what  appertains  immediately  thereto,  such  as  bath-holders, 
a  shelf  to  stand  the  plate-holders,  a  small  shelf  handy  to  the  sinks  for  the 
developers  and  strengthening  solutions,  and  a  small  shelf  to  contain  the  plates 
and  collodion  vials.  Everything  else  in  the  shape  of  bottles,  chemicals,  boxes, 
&c,  &c,  must  be  banished.    This  room  need  not  be  larger  than  8  x  10  feet  square. 

A  sash  about  two  feet  square,  glazed  with  yellow  (orange  yellow)  glass  should 
be  let  in  immediately  opposite  the  tank,  at  such  an  elevation  that  the  operator 
in  developing  need  not  stoop  or  bend  over  too  much.  This  room  is  never  to  be 
swept  out,  but  a  mop  is  provided  with  which  the  room  must  be  mopped  out 
every  morning  before  commencing  work.  The  sash  above  alluded  to  is  to  be 
provided  with  shutters  or  covers,  that  more  or  less  light  may  be  shut  out  as 
desired.  I  need  scarcely  add  that  every  particle  of  white  light  must  be  carefully 
excluded.  When  such  a  window  is  impracticable,  you  may  use  either  gas  or  a 
lamp  inclosed  in  a  lantern-frame  glazed  with  orange  glass.  Do  not  commit 
the  too  common  error  of  having  this  room  too  dark.  It  should  be  sufficiently 
light  for  all  operations  without  the  least  fumbling.  The  shelf  containing  the 
plate-holders  should  be  covered  with  thick  bibulous  paper,  for  absorbing  all 
drippings  of  silver,  and  for  resting  the  edge  of  the  plate  a  moment  or  so  after 
its  immediate  extraction  from  the  bath.  Above  all,  do  not  neglect  the  great 
precaution  of  thorough  ventilation.  If  possible  a  trap-door  should  bo  let  into 
the  ceiling,  or  else  the  door  should  face  the  window,  when  a  draft  of  air  can  at 
any  time  be  admitted. 

THE  TANKS. 

The  arrangement  of  the  tanks  for  developing  and  washing  may  be  something 
after  the  following  plan: 

Immediately  in  front  of  the  yellow  glazed  sash  AB  (Fig.  118)  (which  should 
be  so  constructed  as  to  raise  and  lower,  like  an  ordinary  window),  are  placed 
two  trays,  C  D,  about  2  feet  long  by  18  inches  wide  and  3  inches  deep.  The 
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water  is  admitted  from  a  reservoir  by  the  pipe  containing  two  cocks,  E  F,  which 
are  so  constructed  as  to  give  a  smooth  crystal  bar  of  water  without  spattering. 
The  plate  is  to  be  developed  over  the  tank  D,  and  well  washed  both  on  the  back 

as  well  as  the  front.  The  silver,  which  is 
perfectly  precipitated  by  the  iron  in  the 
developer,  and  also  the  excess  of  nitrate 
being  washed  off,  flows  from  the  tray  D 
through  the  waste  pipe  H  into  the  tank  G. 
Observe  that  the  pipe  H  should  be  led  to 
the  side  of  the  tank  G,  the  water  thus 
flowing  against  this  side  is  prevented  from 
stirring  up  the  settled  silver  on  the  bottom 
of  the  tank  G. 

The  negative,  after  being  removed  from 
the  hypo  tray  (which  should  be  in  a  con- 
venient neighborhood),  is  drained  a  few 
minutes,  and  then  thoroughly  washed  over 
the  tray  C,  the  water  flowing  through  the  pipe  J  into  the  general  waste-pipe 
L.  Into  the  tank  G  is  inserted  a  stopcock  K,  four  inches  from  the  bottom  of 
the  tank.  This  cock  is  connected  with  the  waste-pipe  K  by  means  of  an  India- 
rubber  hose,  which  may  be  removed  and  replaced  at  pleasure.  No  further 
treatment  is  required.  The  precipitated  silver  settles  quietly  down  during  the 
night;  the  water,  being  quite  clear  above,  may  be  drawn  off  every  morning. 

Finally,  this  room  should  be  provided  with  a  gas-stove,  upon  which  is  placed 
a  tin  of  water  during  the  winter;  a  thermometer  is  hung  conveniently,  and  an 
even  temperature  kept  up  between  60°  and  70°  F. 

THE  CHEMICAL  KOOJM. 

A  small  room  should  be  set  aside,  immediately  adjoining  the  dark-room,  for 
compounding  all  the  preparations  necessary,  for  distilling  water,  evaporating 
baths,  and  to  contain  the  acid  pots  for  glass  cleaning,  &c,  &c.  If  the  glass  used 
is  to  be  albumenized  (which  I  decidedly  recommend),  the  pots  containing  the 
acids  may  be  put  in  tubs  of  water  to  prevent  the  corroding  and  staining  of  the 
floor  in  case  of  accidental  leakage.  There  should  be  a  large  tank  and  running 
water  for  washing  the  plates  previous  to  albumenizing. 

Everything  in  the  shape  of  scales,  graduators,  mortar  and  pestles,  bottles,  &c, 
should  be  kept  scrupulously  clean.   I  adopt  the  capital  plan  of  having  separate 
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graduators,  funnels,  mortars,  &c,  for  each  chemical,  thus  avoiding  all  chance 
of  contamination.  A  small  closet  or  cabinet  may  be  fitted  up  with  shelves  and 
drawers,  where  may  bo  preserved  the  various  chemicals.  Let  all  your  bottles 
have  closely-fitting  stoppers,  be  very  clean,  and  be  carefully  and  neatly  labelled. 

Much  time  and  trouble  may  be  saved  by  making  up  certain  preparations  in 
certain  proportions.  Thus,  in  making  always  the  same  quantity  of  developer, 
for  instance,  instead  of  weighing  out  each  time  three,  four,  or  five  ounces  of  iron, 
weigh  out  the  required  amount  in  the  first  place,  then  provide  a  measure  of 
wood  or  cardboard  just  containing  this  amount. 

Again,  in  weighing  out  iodides  and  bromides,  use  these  salts  by  the  twenty, 
thirty,  and  forty  grains,  and  provide  little  squares  of  glass,  which  have  been 
carefully  weighed,  upon  which  paste  little  labels  having  their  respective  weights 
marked  thereon. 

ON  THE  SELECTION  OF  GLASS  FOR  NEGATIVES. 

The  best,  of  course,  is  always  the  best,  but  the  best  is  always  expensive.  You 
must  be  your  own  adviser  in  this  last  consideration.  1  would  recommend  using 
nothing  smaller  than  8  by  10  inch,  which  allows  of  three  cartes-de-visite  or  two 
imperials,  with  ample  margin.  It  were  well  upon  opening  a  box  to  pick  out  and 
reject  all  such  pieces  which  are,  1.  Very  much  curved.  2.  Containing  blebs  or 
bubbles.  3.  Containing  scoria;  t.  e.,  rust.  4.  Scratches.  5.  Broken  corners 
and  edges,  and  such  as  are  too  thin.  Almost  any  respectable  stock  house  will 
allow  you  a  fair  discount  upon  the  return  of  such  pieces,  bearing  always  in  mind 
the  better  the  quality  of  glass  you  buy,  the  less  occasion  is  there  for  rejection. 

It  were  better  in  any  event  to  suffer  some  loss  here,  than  perhaps  spoil  some 
really  good  negative.  Every  piece  should  be  tried  to  ascertain  that  it  will  prop- 
erly fit  the  plate-holder;  for  it  will  cause  great  annoyance,  loss  of  time  and 
chemicals,  to  discover,  when  albumenized,  coated,  and  sensitized,  the  plate  is 
either  too  large  or  too  small  for  the  holder. 

ON  THE  METHOD  OF  CLEANING  THE  PLATES. 

Having  tried  each  selected  piece  as  to  size,  the  glass  is  first  washed  off  under 
the  tap  to  remove  the  straw  or  dirt  from  the  box  in  which  it  was  packed;  the 
plates  arc  then  immersed,  one  at  a  time,  in  a  pot  of  undiluted  commercial  nitric 
acid,  that  the  acid  may  gain  free  access  to  all  parts  of  its  surface.  The  plates 
may  remain  in  the  acid  for  any  length  of  time.  In  the  case  of  new  glass,  an 
hour  or  two  will  suffice. 

Very  old  and  dirty  glass,  or  old  negatives,  are  to  be  immersed  one  at  a  time 
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in  a  similar  pot  containing  a  strong  solution  of  concentrated  potash,  which  may 
be  purchased  in  cans  from  any  grocer.  Be  careful  in  both  cases  that  the  potash 
and  acid  fully  cover  the  plates;  otherwise  a  mark  or  line  will  be  very  apt  to 
appear  at  that  part  where  the  surface  of  the  solution  encountered  that  of  the 
plates.  The  plates  in  the  potash  should  remain  over  night  at  least,  or  longer, 
when  they  may  be  washed  under  the  tap,  and  now,  like  new  glass,  they  are 
ready  for  the  acid  pot. 

As  the  glass  is  removed  from  the  acid,  it  is  thoroughly  washed  under  the  tap. 
It  may  now  either  be  put  in  a  rack  and  suffered  to  dry  spontaneously,  previous 
to  polishing,  or  it  may  be  albumenized  at  once. 

POLISHING  THE  PLATES. 

When  the  plates  are  thoroughly  dry  and  perfectly  flat,  the  best  side  is  to  be 
polished,  but  in  case  of  any  curvature,  the  concave  or  hollow  side  is  the  one  to 
be  polished.  The  plates  are  placed  in  a  vise,  and  both  sides  rubbed  over  with  a 
clean  piece  of  rag  moistened  with  alcohol,  particular  care  being  bestowed  upon 
the  side  to  be  coated  with  collodion.  The  use  of  rotten-stone  and  polishing 
powder  (rouge)  is  not  to  be  encouraged,  as  it  sticks  to  the  edges  more  or  less, 
and  is  carried  down  into  the  bath.  If  the  plates  are  properly  washed  in  the  first 
place  these  latter  "  aids  "  are  unnecessary.  The  plates  are  known  to  be  per- 
fectly clean  when  the  breath  comes  and, goes  in  a  smooth  space,  and  not  in 
irregular  patches.  The  polishing  of  glass  plates  must  not  be  left  to  boys ;  it  is 
a  long  and  tedious  operation,  and  only  a  faithful  man  can  do  it  properly. 

ALBUMENIZING  THE  PLATES. 

It  is  usual  in  those  galleries  where  a  large  number  of  negatives  are  made 
daily,  to  albumenize  the  plates.  Not  that  the  plates  are  rendered  thus  any 
cleaner,  but  the  great  saving  of  time,  trouble,  and  expense  is  of  very  con- 
siderable importance.  For  a  very  dirty  glass  may  appear  perfectly  clean,  and 
it  is  not  until  the  negative  is  developed  that  you  find  out  the  mistake.  By  care- 
fully breathing  on  all  parts  of  the  plates,  the  unclean  parts  may  be  detected,  it 
is  true,  but  this  takes  time.  I  will  now  quote  the  general  directions  given  for 
"  polishing :" 

"  Each  plate  must  be  roughened  on  the  edges  with  a  file,  or  two  plates  may 
be  drawn  with  their  edges  together  to  better  secure  the  collodion  film  from  slip- 
ping off. " 

[JS^°  There  is  a  delightful  piece  of  work  surely,  filling  the  air  and  floor  with 


PHOTO  G  RA  PHY. 


123 


millions  of  fine  particles  of  glass.  With  an  albumenized  plate  the  film  cannot 
possibly  be  washed  off.] 

"  The  plate  is  next  screwed  in  a  vice  (probably  vise  is  meant),  and  cleaned 
with  alcohol  and  rouge  powder  by  means  of  a  piece  of  chamois  or  canton  flannel." 

I  am  quite  certain  that  when  you  get  through,  with  from  seventy-five 
to  a  hundred  pieces,  your  arm  will  ache  "  a  little."  Many  large  establishments 
use  this  amount  daily;  moreover,  it  will  take  about  as  long  a  time  to  polish  the 
glass  after  this  fashion,  as  it  will  to  make  the  negative  itself.  One  hundred 
pieces  of  8  by  10  glass  can  be  albumenized  in  an  hour  or  two.] 

For  fear  that  I  may  be  misunderstood,  and  advocate  albumenizing  in  prefer- 
ence to  polishing,  let  me  clearly  state,  that  if  you  have  really  good  glass,  plenty 
of  time,  and  a  person  who  will  polish  it  faithfully,  then  polish  away.  I 
advocate  albumenizing  because,  you  may  use  an  inferior  kind  of  glass,  your  film 
is  perfectly  secure,  and  you  save  an  immense  amount  of  time  and  very  hard 
labor.  The  injury  done  to  the  negative  bath,  if  any,  is  as  nothing  compared  to 
the  benefits  gained.  The 

PREPARATION   OF  THE  ALBUMEN 

Is  the  simplest  thing  imaginable.  Dissolve  the  white  of  one  fresh  egg  (an 
ordinary  hen's  egg  contains  about  one  ounce  of  albumen),  from  which  the  germ 
has  been  carefully  abstracted,  in  twenty  to  thirty  ounces  of  water,  according  to 
the  size  of  the  egg  ;  shake  this  violently  in  a  bottle  containing  about  half  a  hand- 
ful of  broken  bits  of  glass.  The  bits  of  broken  glass  serve  to  "  cut  up "  the 
albumen,  thus  making  the  mixture  more  thorough.  When  shaken  into  a  stiff 
froth,  turn  the  bottle  upside  down,  and  suffer  the  froth  to  flow  into  a  funnel  con- 
taining a  piece  of  cotton  or  clean  sponge.  When  filtered,  the  solution  should  be 
perfectly  clear,  but  owing  to  the  difficulty  of  procuring  fresh  eggs,  the  solution 
generally  has  a  milky  appearance ;  i£  this  be  the  case,  after  filtering,  add  a  few 
drops  of  aqua  ammonia,  or  glacial  acetic  acid  (either  will  answer,  though  I  pre- 
fer the  latter).  This  will  generally  clear  it ;  if,  however,  it  should  not  be  perfectly 
clear,  but  very  much  improved,  a  second  filtration  will  accomplish  the  object. 
The  albumen  Is  to  be  poured  on  the  plate  from  a  suitable-sized  graduator  (say 
eight  ounces),  the  under  part  of  the  lip  of  which  is  rubbed  with  a  little  lard  or 
tallow,  which  prevents  the  albumen  from  running  down  the  side  of  the  graduator 
by  capillary  attraction.  The  plate  is  washed  lightly  under  the  tap  with  the 
hand,  to  secure  its  being  wet  at  all  points.  The  tap  must  be  tied  over  with  a 
piece  of  canton  flannel  doubled,  to  act  as  a  filter,  as  the  least  dirt  from  the 
water  is  held  fast  to  the  plate  by  the  albumen,  and  gives  rise  to  spots. 
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The  glass,  as  I  have  stated,  should  be  gently  rubbed  with  the  fingers  to 
insure  the  wetting  of  all  the  surface;  when  the  water  has  ceased  to  drop  off  at 
the  corner,  the  albumen  may  be  poured  on  the  concave  side  of  the  glass,  if  the 
glass  be  curved.  By  bringing  the  lip  of  the  graduator  almost  or  quite  in  contact 
with  the  glass,  the  formation  of  bubbles  is  easily  avoided. 

You  may  plainly  see  the  albumen  driving  the  water  before  it,  and  when  the 
surface  is  carefully  covered,  the  surplus  albumen  is  allowed  to  run  off  at  one 
corner  into  the  sink.  The  plates  are  to  be  reared  on  a  rack  and  suffered  to  dry 
spontaneously. 

I  need  scarcely  add  that  this  must  be  done  in  a  room  free  from  dust ;  it  would 
be  well  to  swab  the  floor  before  commencing  to  albumenize.  When  the  plate  is 
dry,  it  is  impossible  to  tell  by  the  eye  which  side  is  albumenized.  Thus  it  were 
well  to  put  them  with  the  albumenized  sides  in  the  same  direction ;  should  a 
doubt  arise,  however,  you  have  only  to  breathe  on  the  surface,  the  breath 
remaining  a  moment  or  so  on  the  bare  glass,  but  scarcely  an  instant  on  the 
albumen. 

COLLODION. 

Collodion  is  made  by  dissolving  pyroxyline  (a  species  of  gun-cotton,  which  see, 
page  106)  in  a  mixture  of  alcohol  and  ether.  Pyroxyline  is  insoluble  in  water, 
alcohol,  and  very  sparingly  soluble  in  ether  containing  a  small  percentage  of 
alcohol ;  it  dissolves  readily,  however,  in  a  mixture  of  alcohol  and  ether  in  almost 
any  proportion.  A  mixture  of  about  equal  parts  is  generally  used  in  making 
collodion. 

The  effect  of  an  excess  of  ether  is  to  toughen  the  film,  closing  the  pores,  and 
preventing  intensity  (the  film  becoming  so  tough,  especially  by  the  addition 
of  a  few  drops  of  castor  oil,  as  to  allow  of  its  being  roughly  pulled  from  the  plate 
in  a  sheet,  like  thin  India-rubber,  without  tearing).  The  effect  of  an  excess  of 
alcohol,  is  to  take  a  contrary  direction,  making  the  film  porous  and  soft,  being  a 
favorable  condition  for  intensity.  Too  great  an  excess  renders  the  collodion 
glutinous  and  rotten. 

In  cases  where  it  is  your  intention  to  remove  and  transfer  the  film  to  other 
substances,  it  is  necessary  to  add  one-fourth  more  ether,  and  two  drops  (per  ounce 
of  collodion)  of  castor  oil.  The  negative  is  placed  in  a  tray  of  water  acidulated 
with  nitric  acid,  the  film  being  so  tenacious  as  to  admit  of  its  easy  removal. 
Plain  collodion  is  made  by  adding  ten  or  twelve  grains  of  "  cotton"  to  every 
ounce  of  alcohol,  and  when  well  soaked  add  an  equal  amount  of  ether,  when  this 
may  be  shaken  until  the  cotton  is  thoroughly  dissolved.    A  sample  of  cotton  may 
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or  may  not  entirely  dissolve  in  the  mixture;  it  is  not  a  sign  of  a  poor  article  if 
some  residue  is  left  undissolved.  When  the  collodion  has  settled  perfectly  clear, 
it  may  be  filtered  through  cotton  and  preserved  in  a  cool  place. 

Collodion  may  be  "  iodized"  at  the  time  it  is  made,  or  may  be  kept  "plain" 
and  iodized  when  necessary.  When  collodion  containing  bromide  of  potassium 
is  wanted,  the  cotton  is  the  last  ingredient  added. 

IODIDES  AND  BROMIDES  USED  IN  COLLODION. 

Numerous  experiments  have  been  made  from  time  to  time  for  the  purpose  of 
determining  the  various  effects  produced  by  the  different  kinds  of  iodides  and 
bromides  in  collodion. 

It  has  long  been  observed  that  those  iodides  and  bromides  which  have  an  acid 
reaction,  such  as  the  iodide  and  bromide  of  cadmium,  have  a  tendency  to  thicken 
or  glutinize  the  collodion  after  some  time,  causing  the  collodion  to  remain  on 
the  plate  a  longer  time  before  "  setting  f  they  give  a  richness,  depth,  and 
"  bloom"  to  the  negative  unattainable  with  the  alkaline  iodides.  They  also  add 
greatly  to  the  keeping  virtues  of  the  collodion. 

On  the  other  hand,  the  alkaline  iodides  and  bromides,  such  as  those  of  ammo- 
nium and  potassium,  produce  different  effects.  They  tend  to  render  the  collodion 
in  time  more  liquid,  and  liberate  free  iodine,  turning  the  collodion  red  and  insen- 
sitive; but  at  the  same  time  they  give  the  required  intensity  rapidly,  and  "set" 
quickly.  All  of  the  above  (which  are  the  only  ones  I  recommend  for  collodion), 
are  soluble  in  plain  collodion,  or  in  alcohol,  or  in  ether  separately,  except  the 
potassium,  which  is  very  sparingly  soluble  in  alcohol,  and  scarcely  at  all  in  ether. 
I  do  not  remember  having  seen  a  detailed  account  given  in  relation  to  making 
"potassium  collodion,"  and  I  will  supply  the  information  in  these  pages.  For 
a  very  rapid  working  collodion,  especially  adapted  for  taking  children,  its 
application  is  invaluable. 

For  those  who  are  interested  in  the  subject,  it  must  be  stated  that  all  the 
iodides  and  bromides  do  not  contain  the  same  amount  of  iodine  and  bromine, 
weight  for  weight.  For  instance,  whether  we  take  two  grains  of  iodide  of 
potassium,  or  two  grains  of  iodide  of  cadmium  to  form  a  collodion,  we  by  no 
means  employ  the  same  amount  of  iodine  in  both  cases.  Therefore  it  behooves  us 
to  well  understand  this  in  the  employment  of  the  different  bases. 

To  ascertain,  then,  the  proportionate  amount  of  iodine  or  bromine  in  any  one 
of  the  salts  used,  we  must  proceed  as  follows: 

Turning  to  the  table  of  atomic  weights  (page  84),  we  find  iodine  marked  I,  127, 
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and  bromine  marked  Br,  80,  and  wishing  to  ascertain  the  difference  in  the 
amount  of  iodine  and  bromine  in  a  given  amount  of  ammonium  or  cadmium,  we 
find  in  the  table,  ammonium  marked  NH4  18,  and  cadmium  marked  Cd,  56.  Thus 
we  have 


Iodide,  I  =  127 

Ammonium,  NH4  =    .    .    .    .  18 


Iodide  of  Ammonium, 


145 


Iodine,  I  =  127 

Cadmium,  Cd  =  56 


Iodide  of  Cadmium, 


183 


It  will  be  observed  by  the  above,  that  the  weight  of  the  iodine  is  the  same  in 
each  compound ;  now,  for  the  proportionate  weight  of  iodine  in  100  grains  of  iodide 
of  ammonium.  Divide  the  atomic  weight  of  the  iodine  (127)  by  the  atomic 
weight  of  the  iodide  of  ammonium  (145),  and  we  have  .876  nearly,  which  being 
multiplied  by  100  grains,  gives  us  87-f  grains  of  iodine  in  100  grains  iodide  of 
ammonium.  For  the  proportionate  weight  of  iodine  in  100  grains  iodide  of  cad- 
mium, divide  the  atomic  weight  of  the  iodine  (127)  by  the  atomic  weight  of  the 
iodide  of  cadmium  (183),  and  we  have  .696  nearly,  which  being  multiplied  by  100 
grains,  gives  us  69T30  grains  of  iodine  in  100  grains  iodide  of  cadmium.  It  will 
be  seen  by  this  then,  that  100  grains  of  iodide  of  ammonium  contains  87|  grains, 
whilst  the  same  amount  of  iodide  of  cadmium  only  contains  69T30  grains. 

Again,  we  have 


Bromine,  Br  =  .  .  . 
Ammonium,  NH4  —  . 

Bromide  of  Ammonium, 


80 
18 

98 


Bromine,  Br  - 
Cadmium,  Cd  = 


Bromide  of  Cadmium,  . 


80 

56 

136 


Divide  the  atomic  weight  of  the  bromine  (80)  by  the  atomic  weight  of  the 
bromide  of  ammonium  (98),  and  we  have  .082  nearly,  or  82  grains  bromine. 
Divide  the  atomic  weight  of  the  bromine  (80)  by  the  atomic  weight  of  the  bro- 
mide of  cadmium  (136),  and  we  have  .059  nearly,  or  59  grains  bromine.  Thus, 
100  grains  bromine  of  ammonium  contains  82  grains  bromine,  whilst  the  same 
amount  of  bromide  of  cadmium  only  contains  59  grains  bromine. 


FOKMULA  FOR  IODIZED  COLLODION. 


Ether,   1  ounce. 

Alcohol,  ,   1  " 

Iodide  of  Ammonium,   10  grains. 

Bromide  of  Cadmium,   6  " 

Cotton,   6  to  12  grains. 
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(It  will  be  observed  that  a  large  margin  is  given  for  the  cotton,  owing  to  the 
fact  that  some  kinds  of  cotton  thicken  the  collodion  very  much  more  so  than 
others.)  As  the  above  salts  are  perfectly  soluble  in  plain  collodion,  they  may  be 
added  at  any  time,  or  dissolved  in  the  alcohol  alone  in  the  first  place.  Add  to 
this  one-fifth  its  volume  of  old  collodion,  made  by  the  same  formula.  The  salts 
are  best  dissolved  by  grinding  in  a  glass  mortar  with  the  liquid. 


ELBERT   ANDERSON'S    PORTRAIT  COLLODION. 

The  following  is  the  formula  for  the  collodion,  which  I  use  daily  at  Mr.  W. 
Kurtz's  gallery. 

I  have  added  all  the  ingredients  save  one  (brains),  having  absolutely — as 
you  too  well  know — none  to  spare. 

Ether,  

Alcohol,  .... 
Iodide  of  Ammonium, 
Iodide  of  Cadmium,  . 
Bromide  of  Cadmium, 
Bromide  of  Potassium, 
Cotton,  

Dissolve  the  iodide  of  ammonium  (by  grinding  in  a  glass  mortar  with  5  ounces 
of  alcohol);  pour  this  into  a  perfectly  clean  64  ounce  bottle.  Dissolvo  the  bro- 
mide of  cadmium,  as  above,  in  3  ounces  of  alcohol,  and  add  this  to  the  other ; 
shake  the  mixture  thoroughly.  Grind  dry  the  bromide  of  potassium  to  a  per- 
fectly fine  powder;  add  to  this  gradually  the  Iodide  of  cadmium,  until  the  whole 
is  thoroughly  incorporated.  Now  moisten  this  with  alcohol  and  grind  until,  by 
the  evaporation  of  the  alcohol,  the  whole  forms  a  snow-white  paste,  somewhat 
resembling  plaster  of  Paris. 

Continue  to  add  the  rest  of  the  alcohol  (seven  ounces),  and  grind,  pouring  off 
after  each  addition  into  the  bottle  containing  the  solution  of  iodide  of  ammonium 
and  bromide  of  cadmium,  until  all  is  dissolved.  If  this  has  been  done  properly 
there  will  be  no  residue. 

Should  you,  however,  not  succeed  in  dissolving  all,  through  lack  of — I  was 
just  going  to  say  brains — experience,  dissolve  the  residue,  which  should  bo 
slight,  in  the  least  quantity  of  water  (3  or  4  drops  should  be  sufficient).  Add 
this  to  the  rest,  then  shake  the  whole  thoroughly. 


15  ounces. 
15  " 
80  grains. 
80  " 
50  " 
50  M 
150  " 
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The  ether  must  now  be  added  a  little  at  a  time  (say  one  ounce),  shaking  the 
mixture  well,  just  before  each  addition  of  the  ether.  Continue  to  do  this  until 
all  the  ether  is  got  in.  The  mixture  next  is  to  be  filtered  through  filtering 
paper,  when  it  should  ran  through  bright  and  clear.  Next  add  the  cotton  in 
little  tufts  at  a  tin\e,  until  the  whole  is  dissolved.  Allow  the  collodion  to  stand 
all  night,  and  in  the  morning,  it  may  again  be  thoroughly  shaken.  The  cotton 
may  or  may  not  all  dissolve;  this  is  immaterial. 

When  bright  and  perfectly  clear,  which  it  ought  to  be  in  a  day  or  two,  add  to 
it  one-fifth  of  its  volume  of  old  collodion  made  after  this  same  formula. 

This  collodion  should  be  of  a  deep  orange  color;  it  may  now  be  filtered  through 
cotton  and  used  immediately.  It  will  improve  with  age,  and  will  work  perfectly 
even  when  most  blood  red. 

Note. — If  you  should  not  succeed  in  getting  in  all  the  ether,  without  signs  of 
precipitation  of  the  potassium  salt,  continue  to  add  the  ether  until  this  precipi- 
tation manifests  itself.  You  should  have  gotten  in,  at  least,  one-half  the  ^mount 
of  ether,  otherwise,  you  have  added  too  much  water,  and  the  collodion  will  be 
rendered  useless. 

As  soon  as  the  precipitate  manifests  itself,  filter  the  solution  through  filtering 
paper,  perfectly  clear ;  shake  and  then  add  the  balance  of  the  ether,  when  no 
precipitate  ought  to  follow  if  this  has  been  properly  done. 

When  poured  upon  the  plate,  this  collodion  should  be  perfectly  smooth,  soft, 
and  transparent.  After  awhile,  however,  as  the  ether  evaporates,  and  leaves 
the  alcohol  in  excess,  the  collodion  will  show  signs  of  glutinizing,  and  sets  lumpy 
(or  in  ridges,  somewhat  resembling  the  sands  on  a  beach  at  high  water).  ^  The 
remedy  here  is  to  add  ether  until  these  ridges  disappear.  Always  filter  the 
collodion  after  the  addition  of  ether. 

It  often  happens  that  when  collodion  is  first  prepared,  especially  with  bromide 
of  potassium,  it  turns  of  a  deep  orange  color,  which  however  in  a  short  time 
disappears,  and  leaves  the  collodion  of  a  lemon  color.  If,  however,  it  commences 
to  turn  rapidly  red  and  retains  this  color,  it  denotes  acidity  from  some  of  the 
ingredients.  It  may  be  neutralized  by  the  addition  of  half  a  grain  of  bicarbonate 
of  soda  to  each  ounce  of  , collodion.  It  is  preferable,  however,  to  reject  such 
collodion  and  use  purer  materials,  when  this  will  not  be  likely  to  occur. 

When  collodion  becomes  too  thick  by  much  pouring  in  and  out  the  bottle,  thin 
it  with  ether  alone.  Observe,  that  so  long  as  the  image  is  not  too  intense,  I 
greatly  prefer  a  collodion  with  much  body  to  a  thinner  kind.  Bottles  are  made 
expressly  for  filtering  collodion;  these  are  not  necessary,  however;  all  you  want 
is  simply  a  glass  funnel,  and  some  clean  cotton.  . 
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THE   NEGATIVE  BATH. 

Do  not  commit  the  too  common  error  of  buying  your  bathholder  too  small, 
for  this  is  a  sad  mistake  every  way.  It  should  not  be  less  than  one  gallon  under 
any  circumstances.  A  two  and  a  half  to  three  gallons  will  be  found  the  most 
satisfactory  and  cheapest  in  the  end,  saving  you  a  vast  amount  of  time,  labor, 
and  silver. 

I  seriously  recommend  your  procuring  two  bathholders,  so  that  you  may 
always  have  one  bath  at  least,  in  perfect  order,  if  not  both,  and  thus  be  prepared  at 
all  times  to  make  a  good  negative.  By  using  small  baths  you  will  suffer  severe 
loss  in  many  ways.  1.  It  cannot  be  worked  but  a  very  short  time  before  the 
solution  becomes  disordered.  2.  You  suffer  loss  of  silver  every  time  it  is  filtered 
(which  a  small  bath  requires  often,  and  the  loss  is  greater  in  proportion,  the 
smaller  the  bath).  3.  It  must  be  frequently  boiled,  and  in  a  short  time  (to  say 
nothing  of  the  loss  in  the  evaporating  dish)  the  solution  gets  so  low  that  a  new 
bath  will  soon  be  required,  because  the  addition  of  new  silver  to  an  old  bath  has 
a  serious  effect  on  the  organic  matter,  and  is  sure  to  disturb  the  harmonious 
working  of  the  bath.  This  is  a  point  of  great  importance,  for  the  larger  the 
bath  the  more  economical  you  will  find  it  in  every  respect.  A  bath  of  three 
gallons  in  good  order  will  sensitize  at  least  two  hundred  8  by  10  plates  before 
becoming  disordered.  4.  A  small  bath  is  likely  to  give  out  at  any  time  without 
a  moment's  notice,  and  perhaps  at  that  very  time  }Tou  most  require  it.  5.  It  is 
soon  over-iodized,  the  source  of  millions  of  pinholes.  Need  I  mention  any  more  ? 
I  cannot  recommend  rubber  baths;  nothing  is  so  reliable  as  glass.  The  dip-rod 
is  not  allowed  to  reach  to  the  bottom  by  three  or  four  inches,  being  retained  by 
a  plug  of  wood  thrust  through  a  hole  in  the  end,  the  plug  resting  crosswise  on 
the  top  of  the  bathholder. 

The  negative  bath  is  prepared  by  dissolving  pure  nitrate  of  silver  in  pure 
water  until  the  hydrometer  indicates  30  grains  to  the  ounce.  In  summer  the 
bath  may  be  worked  down  to  25  grains.  Three-fourths  of  the  solution  is  now 
to  be  saturated  with  iodide  of  silver. 

Preparation  of  Iodide  of  Silver. — Dissolve  in  a  graduator  of  10  to  12  ounce 
capacity,  15  or  20  grains  of  iodide  of  ammonium  or  potassium  (the  exact  amount 
is  quite  immaterial),  in  eight  ounces  of  water.  Now  dissolve  30  or  40  grains 
of  nitrate  of  silver  in  an  ounce  or  so  of  water;  pour  the  silver  solution  into  the 
iodide  solution,  when  a  dense  canary-colored  precipitate  is  formed,  which  is 
iodide  of  silver. 

It  may  be  remarked  here,  in  forming  the  iodide  of  silver  as  above,  that  the 
nitrate  of  silver  used  was  in  excess  of  the  iodide  ;  but  if  the  iodide  had  been  in 
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ex  cess,  the  iodide  of  silver  then  formed  would  have  been  white  instead  of  canary- 
colored.  Now  the  white  iodide  is  insensible  to  the  action  of  light,  consequently 
it  is  the  yellow  sort  which  is  adapted  to  the  use  of  photography.  Iodide  of  silver 
is  tasteless,  inodorous,  and  insoluble  in  water  and  acids,  sparingly  so  in  ammonia, 
but  freely  so  bo£h  in  solutions  of  cyanide  of  potassium  and  hyposulphite  of  soda. 

After  stirring  the  mixture  with  a  glass  rod,  the  iodide  is  allowed  to  settle  to 
the  bottom  of  the  graduator.  There  will  now  remain  in  the  solution  either 
nitrate  of  ammonium  or  of  potassium,  according  to  the  salt  used.  This  liquid 
must  be  carefully  poured  off,  and  fresh  water  added  to  wash  the  iodide.  This  is 
repeated  five  or  six  times,  when  the  iodide  of  silver  may  be  added  to  three-fourths 
of  the  silver  bath.  The  uniodized  portion  is  now  filtered,  and  afterwards  the 
iodized  portion,  through  the  same  filter,  into  the  uniodized ;  the  bath  is  now  ready 
for  immediate  use. 

When  it  is  practicable,  in  the  making  of  a  new  bath,  it  should  be  exposed  in 
jars  of  white  glass  to  the  rays  of  the  sun,  as  long  as  it  is  not  needed,  before  the 
acid  is  added.  Nitrate  of  silver  is  rarely  perfectly  pure,  and  generally  has  an 
acid  reaction;  the  bath  should  therefore  be  made  neutral  or  slightly  alkaline 
with  aqua  ammonia,  before  exposure  to  the  sun,  as  acids,  especially  nitric,  have 
a  retarding  influence  on  the  precipitation  of  organic  matter.  Should  the  bath 
then  have  been  exposed  to  the  rays  of  the  sun  and  be  absolutely  clear,  it  must 
first  be  filtered  and  then  acidified.  It  is  essential  that  the  bath  be  filtered  first 
and  acidified  afterwards,  as  the  acid  has  the  effect  of  dissolving  organic  matter, 
which  is  thus  retained  in  the  bath. 

The  bath  being  now  filtered  is  ready  to  be  acidified.  In  the  choice  of  acids, 
nitric  or  acetic,  there  appears  to  be  little  or  none.  I  have  used  constantly  two 
baths,  one  acidified  with  nitric  and  the  other  with  acetic  acid,  and  have  been 
unable  to  detect  the  least  difference.  The  amount  of  acid  necessary,  somewhat 
depends  upon  circumstances,  which  will  be  hereafter  discussed. 

If  a  new  bath  never  used,  in  testing,  shows  signs  of  acidity,  it  will  doubtless  be 
caused  by  the  acidity  of  the  silver  salt,  thus  denoting  the  presence  of  nitric  acid. 
Should  the  bath  be  perfectly  neutral,  it  may  by  continual  dipping  of  large  plates 
become  acid  from  red  collodion,  containing  free  iodine,  and  in  that  case  the  acid 
liberated  is  nitric.  It  seems  but  reasonable  then,  that  nitric  acid  should  be  used 
in  the  first  place. 

It  is  very  rare,  however,  that  the  bath  can  be  rendered  too  acid  by  the  collo- 
dion, as  the  amount  of  acid  thus  liberated  is  so  little,  that  the  bath  may  become 
disordered  from  other  causes  long  before  this  point  can  be  reached. 

A  perfectly  neutral  bath  can  scarcely  be  said  to  exist,  chemically  speaking ; 
in  all  probability  it  will  be  either  one  thing  or  the  other.    Therefore,  if  the  bath 
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be  neutral  or  the  least  alkaline,  the  application  of  the  developer  will  fail  to  bring 
out  an  image,  or  the  image  may  make  its  appearance  for  a  few  moments,  when 
it  will  immediately  become  fogged;  and  if  organic  matter  be  present  in  the 
solution,  the  developer  will  reduce  the  silver  on  all  parts  of  the  plate  indepen- 
dent of  the  action  of  light. 

Should  the  bath  prove  to  be  alkaline  it  indicates  that  an  oxide  is  present, 
which,  combining  with  the  acid  in  the  red  litmus  paper,  neutralizes  it  and 
removes  the  red  color. 

If  from  some  unforeseen  cause  or  accident,  in  acidifying  the  bath,  too  much 
acid  has  been  added,  place  in  it  a  piece  of  litmus  paper,  which  will  of  course 
turn  red;  now  drop  in,  drop  by  drop,  liquor  ammonia;  this  throws  down  a 
blackish-brown  precipitate,  namely,  oxide  of  silver ;  stir  this  about,  testing  at 
each  addition  for  the  point  when  the  blue  color  is  slowly  regained. 

Observe  now  that  the  solution  will  not  be  left  in  a  neutral  state,  for  the  oxide 
of  silver  thus  formed,  though  very  sparingly  soluble  in  a  solution  of  nitrate  of 
silver  in  water,  yet  is  abundantly  so  in  such  solution  containing  nitrate  of  ammo- 
nium, which  the  bath  accumulates  from  the  ammonium  salt  used  in  the  collodion. 

As  nitrate  of  silver  has  an  affinity  for  organic  matter,  and  as  the  latter  is 
constantly  gaining  admittance  to  the  bath,  the  photographic  action  of  the  bath 
is  disturbed,  and  fogging  is  the  result.  Therefore  it  is  necessary  to  add  a  small 
portion  of  an  acid  to  the  solution,  not  only  to  dissolve  this  organic  matter,  but 
also  to  neutralize  any  oxide  that  might  be  present. 

The  effect  of  albumen,  is  to  decompose  nitrate  of  silver,  hence  some  have 
objected  to  its  use  on  the  plate,  as  it  tends  in  time  to  produce  fogging.  The 
albumen  which  causes  this  result  generally  comes  from  the  back  of  the  plate 
(from  carelessness  in  its  application),  and  not  from  the  properly  albumenized 
side,  which  is  entirely  protected  by  the  film  of  collodion.  Nevertheless,  the 
immense  advantages  gained  by  the  use  of  albumenized  plates,  fully  outweigh  the 
evil  effects  in  the  negative  bath. 

When  a  collodionized  plate  is  dipped  into  the  bath,  the  iodides  and  bromides 
in  the  collodion  combine  with  the  silver  in  the  solution,  and  form  iodide  and 
bromide  of  silver  (by  what  is  called  double  decomposition),  which  is  retained  on 
the  plate  by  the  sticky  nature  of  the  collodion  itself.  The  bath,  though,  acquires 
also  nitrates  of  the  bases  with  which  the  iodides  and  bromides  are  combined. 
Thus,  the  iodide  of  ammonium  forms  with  the  bath  not  only  iodide  of  silver,  but 
also  nitrate  of  ammonium;  and  the  bromide  forms  bromide  of  silver  and  also 
nitrate  Of  cadmium. 

These  metallic  nitrates  are  dissolved  in  the  solution,  and  may  be  present  in 
considerable  quantities  without  materially  affecting  its  working  qualities. 
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As  the  solution  of  nitrate  of  silver  is  a  solvent  for  both,  iodide  and  bromide  of 
silver,  it  will  be  evident  that  as  these  iodides  and  bromides  are  formed  and 
retained  on  the  plate  by  the  collodion,  the  bath  solution  will  dissolve  them. 
The  capacity  of  the  solution,  however,  to  dissolve  iodide  and  bromide  of  silver 
is  in  proportion  to  and  increases  with  the  strength  of  the  solution.  For 
instance,  suppose  we  take  4  ounces  of  a  solution  of  nitrate  of  silver  at  40  grains 
to  the  ounce ;  next  we  dissolve  5  or  6  grains  of  any  iodide,  such  as  ammonium 
or  potassium,  in  water,  and  add  this  to  the  silver  solution  ;  immediately  a  dense 
yellowish-white  precipitate  is  formed,  namely,  iodide  of  silver.  The  solution 
may  then  be  shaken,  when  it  will  assume  a  milky  appearance,  and  some  of  the 
surplus  iodide  will  fall  to  the  bottom.  The  solution  is  now  said  to  be  overiodized, 
i.  e.,  it  contains  more  iodide  than  it  is  capable  of  dissolving.  Next  filter  the 
solution  perfectly  clear,  the  surplus  iodide  remaining  behind  on  the  filter;  the 
solution  is  now  said  to  be  saturated ;  i.  e.,  it  contains  as  much  as  possible.  If  we 
now  pour  this  solution  into  four  ounces  of  water,  the  mixture  will  again  become 
milky,  and  be  overiodized  as  in  the  first  place,  although  it  has  precipitated  one 
half  its  iodide. 

You  will  readily  understand  the  reason  of  this  by  bearing  in  mind  what  has 
been  stated,  namely :  the  solution  is  only  capable  of  dissolving  iodide  of  silver 
in  proportion  to  its  strength  in  silver,  and  as  it  is  now  reduced  one-half  by  its 
being  added  to  its  equal  volume  of  water,  it  cannot  of  course  retain  but  half  the 
iodide.  ' 

Therefore,  when  the  plate  is  dipped  into  the  bath,  and  iodide  and  bromide 
of  silver  formed  upon  its  surface,  it  would  be,  to  a  certain  extent,  immediately 
dissolved  by  the  solution  (thus  giving  to  the  plate  a  spotty  appearance),  were  it 
not  for,the  precaution  of  partially  iodizing  the  solution  in  the  first  place. 

On  the  other  hand,  if  the  bath  were  fully  saturated  at  the  outset  and  a  plate 
dipped,  the  iodide  of  silver  formed  could  not  be  dissolved,  the  solution  contain- 
ing already  its  full  capacity.  Now  the  consequence  of  this  is,  that  any  addition 
of  iodide  of  silver  must  be  precipitated  in  fine  crystals  throughout  the  solution; 
these  then  will  lodge  on  the  surface  of  the  plate.  When  such  a  plate  comes  to 
be  developed  the  iron  in  the  developer  reduces  the  silver  to  the  metallic  state, 
which  lodges  by  attraction  on  those  parts  of  the  plate  which  have  been  affected 
by  the  agency  of  light  forming  the  image.  But  as  these  fine  crystals  which 
have  been  precipitated  by  the  overiodized  condition  of  the  bath,  are  lodged  all 
over  the  plate,  they  will  prevent  the  reduced  silver  from  precipitating  on  those 
parts;  and  subsequently,  when  the  plate  is  placed  in  a  solution  of  hyposulphite 
of  soda,  the  unaffected  parts,  i.  e.,  those  parts  upon  which  no  metallic  silver  has 
been  precipitated  (including  also  these  crystals)  will  be  dissolved  away,  leaving 
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clear  transparent  spots  on  the  glass,  known  as  pinholes,  entirely  ruining  the 
negative. 

From  this  then  we  gather  that  it  will  be  necessary  to  iodize  the  solution  well 
in  the  first  place,  but  not  to  saturation.  The  manner  of  doing  this  has  already 
been  given,  namely :  Separate  the  bath  into  two  parts,  and  saturate  or  over- 
iodize  three-fourths  with  iodide  of  silver.  Filter  out  the  surplus  iodide  and 
mix  the  two  parts  together;  shake  thoroughly.  The  bath  is  now  well  iodized, 
and  will  have  lost  in  a  great  measure  its  power  of  dissolving  iodide  of  silver. 

By  the  continual  dipping  of  plates,  however,  the  bath  will  at  length  become 
completely  saturated ;  but  if  the  capacity  of  the  solution  be  from  two  to  three 
gallons,  it  may  be  used  for  a  long  time  before  this  point  is  reached.  A  small 
bath,  half  a  gallon  or  less,  may  very  properly  be  iodized  by  coating  an  8  by  10 
plate  with  collodion,  and  leaving  it  in  the  solution  over  night. 

As  the  bath  approaches  the  state  of  saturation  by  the  repeated  dipping  of 
plates,  the  best  chemical  effects  are  undoubtedly  produced,  from  the  simple  fact 
that  the  film  is  less  and  less  interfered  with,  the  saturation  of  the  solution  pre- 
venting its  attacking  the  film.  This  fact  alone  is  one  in  a  dozen  good  reasons 
for  using~a  large  bath.  It  is  essential  that  every  plate  be  removed  from  the 
bath  as  soon  as  properly  coated,  that  the  solution  may  be  preserved  as  long  as 
possible  below  the  point  of  saturation. 

I  advise  enough  bath  solution  being  constantly  on  hand  to  fill  the  two  bath- 
holders  in  your  dark-room,  and  a  third  always  exposed  in  a  white  glass  jar  to 
the  rays  of  the  sun.  You  will  of  course  use  No.  1  until  the  bath  shows  signs  of 
failing,  a  full  description  of  which  will  be  given  further  on,  as  also  [tfi  proper 
treatment.  You  then  go  at  once  in  bath  No.  2.  At  your  leisure  No.  3  is  brought 
in  from  the  sun  and  filtered  for  bathholder  No.  1,  whilst  the  disordered  bath 
is  thoroughly  rectified  at  your  convenience,  and  placed  in  the  sun  until  No.  2 
gives  out.  By  these  simple  means  you  are  prepared  at  all  times  to  make  good 
negatives,  with  the  great  satisfaction  moreover  of  knowing,  you  have  ample  time 
to  repair  the  disordered  bath.  I  cannot  too  strongly  impress  this  on  the  oper- 
ator, that  he  may  save  himself  much  time,  inconvenience,  and  silver;  for  you 
must  buy  your  silver  some  time.  Better  buy  it  at  once,  and  work  with  a  quiet 
and  satisfied  state  of  mind.    Do  it! 


DEVELOPMENT. 

Reduction. — I  have  shown  that  in  the  formation  of  iodide  of  silver,  when  a 
solution  of  nitrate  of  silver  is  added  to  a  solution  of  iodide  of  ammonium,  potas- 
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sium,  cadmium.  &c.  the  nitric  acid  leaves  the  silver  and  combines  with  the  base 
of  the  iodide,  forming  a  nitrate  of  that  base  which  dissolves  in  the  solution,  whilst 
the  iodide  combines  with  the  silver,  and  being  insoluble  in  water,  is  precipitated 
as  iodide  of  silver.  If  we  had  used  a  bromide  or  a  chloride  instead  of  the  iodide, 
the  result  would  have  been  precisely  of  a  similar  nature,  bromide  and  chloride  of 
silver  falling  to  the  bottom.  But  if  we  had  used  a  solution  of  sulphate  of  iron, 
instead  of  iodide  of  ammonium,  the  case  would  have  been  vastly  different;  for 
instead  of  the  silver  being  precipitated  as  a  sulphate  of  silver,  it  would  be  thrown 
down  as  metallic  silver. 

When  a  substance  readily  imparts  oxygen  to  other  bodies  with  which  it  is 
brought  in  contact,  it  is  called  an  oxidizing  agent;  and  on  the  other  hand,  a 
substance  which  readily  takes  oxygen  out  of  other  substances  with  which  it  is 
brought  in  contact,  is  called  a  reducing  agent.  Nitric  acid,  especially  when  hot, 
gives  up  a  portion  of  its  oxygen  with  great  facility  to  substances  capable  of 
combining  with  oxygen. 

When  a  plate  is  coated  with  collodion  and  dipped  in  the  silver  bath,  a  coating 
of  iodide  and  bromide  of  silver,  as  I  have  stated,  is  formed  upon  its  surface. 
It  must  be  borne  in  mind,  also,  that  at  this  stage,  the  plate  is  moistened  with  the 
solution  of  nitrate  of  silver  as  well.  If  now  this  operation  has  been  performed 
in  the  dark,  or  in  a  room  lighted  by  yellow  light,  and  free  from  white  light,  and 
then  the  plate  be  flowed  with  a  solution  of  sulphate  of  iron  in  water,  the  silver 
will  be  reduced  to  the  metallic  state,  and  can  be  observed  floating  about  on  the 
surface  of  the  plate.  If  now  the  plate  be  put  under  the  tap,  the  whole  of  the 
free  nitrate,  as  it  is  called,  will  be  washed  from  the  plate.  The  plate  may  now 
be  exposed  to  the  light  for  a  few  seconds,  and  immediately  placed  in  a  solution 
of  cyanide  of  potassium  or  of  hyposulphite  of  soda;  the  iodide  and  bromide  on 
the  surface  of  the  plate  will  shortly  be  entirely  dissolved,  leaving  the  plate  in  a 
state  pretty  nearly  the  same  as  when  the  collodion  was  first  put  on. 

Repeat  the  experiment,  and  before  pouring  on  the  solution  of  iron,  expose  the 
plate  for  a  few  seconds  to  the  light ;  now  bringing  the  plate  in  the  dark-room  we 
perceive  no  change  whatever  on  its  surface,  even  by  the  aid  of  the  most  power- 
ful microscope,  yet  a  very  remarkable  change  has  taken  place  by  this  action  of 
light ;  for  if  we  now  apply  the  iron  solution,  the  silver  will  be  reduced  as  before 
to  the  metallic  state,  but  instead  of  floating  about  on  the  surface  of  the  plate,  a 
portion  of  it  will  be  attracted  to  the  plate,  which  will  darken  at  all  points.  If 
now  the  plate  be  held  under  the  tap,  only  a  portion  of  the  metallic  silver  will 
be  washed  off,  the  balance  being  held  to  the  plate  by  virtue  of  the  collodion ; 
the  plate  being  next  put  in  the  cyanide  solution  (which  not  having  the  property 
of  dissolving  metallic  silver),  remains  unaffected. 
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Kepeating  the  experiment  once  more,  exposing  only  a  portion  of  the  plate  to 
light,  we  find  that  upon  applying  the  iron  solution  the  reduced  silver  is  only 
deposited  on  the  exposed  parts,  leaving  the  unexposed  parts  intact.  The  plate 
is  now  washed  under  the  tap  and  placed  in  the  cyanide  solution,  when  only  that 
part  which  was  not  exposed  is  dissolved. 

Thus,  when  the  plate  is  first  exposed  in  the  camera  the  action  of  the  light 
impresses  an  invisible  image  on  its  surface,  and  when  we  apply  the  iron  solution, 
the  reduced  silver  only  falling  on  those  parts  impressed,  develops  the  heretofore 
invisible  image.  If  now  the  remaining  iodide  on  the  unaffected  parts  of  the  plate 
be  not  dissolved  away,  it  will,  in  turn,  be  affected  by  any  light  that  might 
reach  the  plate  ;  hence  the  image  would  soon  become  obliterated  in  a  measure, 
the  shadow  being  opaque  would  prevent  the  passage  of  the  light  in  printing. 
The  operation  of  dissolving  this  unaffected  iodide,  is  called,  fixing  the  image. 

This  being  the  technical  term  I  shall  continue  to  use  it,  but  a  little  consider- 
ation plainly  shows,  that  the  picture  already  formed  is  already  fixed,  and  the 
fixing  solutions,  so  far  from  fixing  the  image,  havo  really  no  effect  upon  it 
whatever. 


NATURE  OF  THE  INVISIBLE  IMAGE. 

On  the  nature  of  the  change  which  a  film  of  iodide  of  silver  undergoes  when 
exposed  to  the  action  of  light,  we  cannot  be  said  to  have  any  exact  knowledge. 
There  is  no  perceptible  alteration  in  the  film  as  before  stated,  no  loss  of  iodine, 
the  iodide  retaining  its  solubility  in  the  hyposulphate  solution,  yet  the  impies- 
sion  is  not  of  a  temporary  character;  for  the  invisible  image  may  be  developed 
more  or  less,  according  to  circumstances,  many  days  after  the  exposure  of  the 
plate,  provided  the  latter  be  carefully  excluded  from  the  light  during  the  inter- 
val. Some  of  the  theories  advanced  on  this  point  may  be  briefly  stated,  as 
follows : 

1.  During  exposure  of  the  plate,  the  action  of  light  causes  a  reduction  of  a 
small  part  of  the  iodide  to  the  metallic  state,  and  this  action  having  once  set  in, 
accelerates  the  subsequent  reduction  caused  by  the  iron  solution,  technically 
called  the.  developer. 

2.  The  reduced  silver  forming  the  image  is  produced  instantaneously  in  the 
camera,  but  before  we  have  time  to  apply  the  developer  to  continue  the  reduc- 
tion, the  free  acid  of  the  bath  solution  dissolves,  and  thus  tends  to  destroy,  the 
delicate  image  thus  formed,  and  the  longer  the  development  is  delayed,  the 
weaker  the  image  will  appear.    If  the  plate  be  exposed  for  a  considerable  time, 
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say  half  an  hour  or  more,  to  a  brilliantly  illuminated  image  in  the  camera,  a 
feeble  though  visible  image  is  impressed  on  its  surface  without  the  application 
of  any  developer.  Therefore,  the  action  of  light  here  is  assumed  to  be  a  reduc- 
ing of  the  silver  salt  to  the  metallic  state. 

3.  The  formation  of  the  invisible  image  by  light,  is  supposed  to  be  a  molecular 
change  unattended  by  any  separation  of  the  elements  such  as  occur  in  the  case 
of  a  visible  image  impressed  by  light,  yet  the  modification  of  the  film  is  such 
as  to  predispose  it  for  the  reception  of  the  silver,  reduced  by  the  action  of  a 
developer. 


DEVELOPING  AND  KEDEVELOPING. 

The  substances  chiefly  employed  for  developing  the  invisible  image,  are  proto- 
sulphate  of  iron,  the  double  sulphate  of  iron  and  ammonia,  and  pyrogallic  acid. 
In  the  case  of  the  image  being  too  weak  upon  the  application  of  a  developer,  a 
second  application  may  have  to  be  resorted  to,  termed  redeveloping  or  strength- 
ening. 

The  difference  between  redeveloping  and  strengthening  or  intensifying,  may 
be  stated  thus  :  Redeveloping  is  a  second  application  of  either  the  iron  solution 
or  a  solution  of  pyrogallic  acid  applied  before  the  negative  is  fixed,  and  may 
continue  to  bring  out  further  detail  which  the  first  developer  failed  to  do. 
Strengthening  or  intensifying  is  a  second  or  a  third  application  of  an  intensify- 
ing agent  after  the  negative  has  been  fixed,  which  tends  only  to  strengthen  or 
intensify  the  image  already  formed,  and  has  no  effect  in  bringing  out  any  further 
details  in  the  negative. 

The  presence  of  an  acid  in  the  developer,  exercises  a  retarding  effect  upon  the 
reduction  of  the  salts  of  silver.  Thus,  if  a  solution  of  sulphate  of  iron  be  poured 
into  a  solution  of  nitrate  of  silver,  a  reduction  is  immediately  produced  j  but  if 
an  acid  be  previously  added  to  the  iron  solution,  the  reduction  is  more  or  less 
gradual,  according  to  the  amount  of  acid  present.  If  too  much  acid  is  present 
the  action  is,  for  a  time,  completely  suspended. 

On  the  other  hand,  an  alkaline  developer  produces  just  the  opposite  results. 

The  reduction  of  the  silver  salts  is  also  affected  by  the  temperature  of  the 
atmosphere,  as  also  by  the  temperature  of  the  reducing  agent.  In  cold  weather 
the  reduction  is  slower  than  in  very  warm  ;  thus  it  is  usual  in  very  cold  weather 
to  gently  warm  the  developing  solutions.  In  portraiture  the  universal  devel- 
opers are  protosulphate  of  iron  and  the  double  sulphate  of  iron  and  ammonia. 
These  developers  are  used  of  various  strengths,  according  to  circumstances,  and 
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it  is  recommended  to  have  a  strong  and  a  weak  solution  always  at  hand,  which 
may  be  mixed  as  required. 

STRONG  DEVELOPER. 


Protosulphate  of  Iron,  8  ounces. 

Acetic  Acid  (No.  8),  8  " 

Water,   80  ** 

USUAL  STRENGTH. 

Protosulphate  of  Iron,  4  ounces. 

Acetic  Acid  (No.  8),  4  " 

Water,   64  " 

/ 

FOR  WHITE  DRArBRIES. 

Double  Sulph.  Iron  and  Ammonia,  5  ounces. 

Acetic  Acid  (No.  8),   10     "  i 

Water,   80  « 


These  solutions,  after  a  day  or  two,  especially  in  warm  weather,  turn  yel- 
lowish-red, and  then  still  redder  on  keeping.  The  cause  of  this  is  the  forming 
of  a  persalt  of  iron,  and  this  sediment  falls  to  the  bottom  of  the  bottle. 
This  latter  is  easily  filtered  out,  and  appears  not  to  affect  the  solution  in 
its  chemical  action.  Some  controversy  has  arisen  as  to  the  age  of  the  devel- 
oper in  relation  to  its  effects,  some  preferring  an  old  and  colored  solution  to  one 
freshly  prepared.  I  have  used  both,  but  have  failed  to  perceive  any  advantages 
of  the  old  over  the  fresh. 

After  the  dipping  of  many  plates,  tho  bath  gradually  accumulates  a  quantity 
of  ether  and  alcohol  from  the  collodion,  which  tends  to  prevent  the  developer 
from  smoothly  covering  the  plates,  causing  it  to  assume  a  crawling  action  (simi- 
lar to  pouring  water  upon  a  greasy  surface),  thus  giving  to  the  plate  a  mottled 
and  streaked  appearance,  owing  to  the  unequal  development.  In  such  cases  an 
amount  of  alcohol  must  be  added  to  tho  developing  solution  sufficient  to  over- 
come this,  and  no  more.  The  addition  of  alcohol  to  the  developer  is  not 
recommended  in  the  first  place,  as  its  effect  is  to  reduce  the  intensity  of  the 
negative,  and  to  give  a  coarseness  to  the  image. 

On  days  when  the  actinic  principle  is  slow,  and  the  imago  comes  up  with  too 
much  intensity,  the  addition  of  alcohol  to  the  developer  has  a  beneficial  result. 
Intensity  of  the  image  is  also  reduced  by  strengthening  the  developer.  But  if 
made  too  strong  the  image  will  flash  out  too  quickly  to  be  watched,  and  will 
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appear  thin,  with  a  want  of  sufficient  contrast ;  whereas,  if  the  developer  be  too 
weak  the  image  comes  up  slowly,  growing  very  intense  in  the  high  lights,  leav- 
ing the  shadows  comparatively  bare.  Again,  if  the  developer  be  too  strong  the 
reduction  is  apt  to  take  place  more  rapidly  than  the  image  can  employ  it ;  the 
consequence  is  that  the  deposit  takes  place  on  the  shadows  as  well  as  on  the 
lights,  giving  them  a  misty  or  veil-like  appearance,  technically  known  as  foggkig. 
On  the  other  hand,  if  the  developer  be  too  weak,  the  reduction  is  so  slow  that 
the  shadow  becomes  fogged  before  the  lights  have  received  their  proper  share  of 
silver;  thus,  either  of  these  extremes  may  lead  on  to  fogging. 

In  the  case  of  a  negative  being  too  thin  and  flat,  i.  e.,  a  lack  of  proper  contrast 
between  the  lights  and  shades,  it  may  be  intensified  in  various  ways  either  before 
or  after  fixing.  If  it  be  found  necessary  to  strengthen  the  negative  before  fixing, 
the  following  is  the  formula  for  redevelopment : 

The  first  developer  is  thoroughly  washed  off,  both  on  the  back  as  well  as  on  the 
face  of  the  negative;  the  negative  is  then  flowed  off  and  on  once  or  twice  with 
the  following  solution  : 

Pyrogallic  Acid,   40  grains. 

Citric  Acid,   40  " 

Water,  .    .    u  20  to  30  ounces. 

(Which  may  be  prepared  any  length  of  time  in  stock,  and  filtered  for  use  as 
required.)  After  this  solution  has  been  on  a  moment  or  two,  it  is  drained  from 
the  plate  into  the  vessel  from  which  it  was  poured ;  to  this  is  now  added  a  few 
drops  (more  or  less,  according  to  the  size  of  the  plate)  of  a  solution  of  nitrate  of 
silver,  20  to  30  grains  to  the  ounce  of  water.  This  is  poured  off  and  on  until 
the  required  intensity  is  reached. 

The  reason  why  the  silver  solution  is  not  added  in  the  first  place  is  to  better 
avoid  streaks  and  stains.  The  strengthening  solution  may  gradually  turn  of  a 
claret-brown  color  before  the  desired  strength  of  the  negative  is  reached  ;  this  is 
of  no  consequence;  continue  its  application  until  it  commences  to  turn  muddy, 
when  it  must  be  washed  off,  and  the  negative  placed  in  the  hypo. 

If  it  be  found  necessary  to  strengthen  the  negative  after  fixing,  the  hypo  must 
be  very  thoroughly  washed  off  in  order  to  prevent  bluish  stains  and  streaks. 
The  strengthening  solution  is  now  applied  as  before.  When  the  desired  strength 
is  reached,  the  color  of  the  plate  is  found  to  be  materially  changed  from  its  olive- 
brown  color,  which  it  ought  to  have,  to  a  leaden-blue  color.  If  left  of  this  color 
it  would  materially  affect  its  printing  qualities,  therefore  it  is  again  to  be  placed 
in  the  hypo  after  thorough  washing,  when  its  former  bloom  will  be  restored. 

In  the  case  of  intensifying  negatives  of  subjects  black  and  white,  such  as 
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copies  of  engravings,  manuscript,  printed  matter,  &c,  &c,  the  procedure  is 
somewhat  different.    Two  methods  are  adopted,  namely : 

1.  Strengthening  with  sulphuret  of  potassium. 

2.  Strengthening  with  bichloride  of  mercury  and  ammonia. 

First  method. — Strengthen  the  negative  before  fixing  with  pyrogallic  acid,  as 
just  described,  fix  and  wash  thoroughly.  This  will  not  perhaps  sufficiently 
intensify.  Therefore  place  in  your  developing  glass  a  piece  of  sulphuret  of  po- 
tassium about  the  size  of  a  common  marble,  and  fill  the  glass  up  with  water, 
and  without  waiting  for  it  to  dissolve,  continue  to  flow  the  solution  off  and  on 
the  plate,  the  solution  gaining  strength  gradually.  (If  the  solution  had  been 
made  of  sufficient  strength  by  dissolving  thoroughly  in  the  first  place,  the  plate 
would  inevitably  become  covered  with  stains.)  The  plate  will  now  gradually 
assume  a  purplish-black  appearance  until  the  desired  intensity  is  attained.  The 
solution  of  sulphuret  of  potassium  must  only  be  mixed  as  required,  as  its  smell 
is  highly  offensive,  and  it  decomposes  in  an  hour  or  so,  making  it  worthless  in 
a  day  or  two. 

I  prefer  intensifying  with  bichloride  of  mercury  for  three  reasons  :  1.  Nega- 
tives strengthened  with  sulphuret  will  not  keep  very  long,  owing  to  the  decom- 
position of  the  sulphuret  of  silver  which  is  formed  in  the  film.  2.  The  smell  of 
sulphuret  of  potassium  is  highly  offensive.  3.  It  cannot  be  prepared  in  solution 
except  at  the  moment  it  is  wanted. 

TO  INTENSIFY  WITH  BICHLORIDE  OF  MERCURY  AND  AMMONIA. 

Strengthen  as  above  described  with  pyrogallic  acid  before  fixing,  wash  and 
fix,  and  again  wash  thoroughly.  Next  flow  the  plate  off  and  on  with  the  fol- 
lowing solution : 

• 

Saturated  solution  of  Bichloride  of  Mercury  in  "Water,  .        1  part. 
"Water,  5  to  6  parts. 

Continue  to  flow  this  solution  on  and  off  the  plate ;  the  image  first  grows  of  a 
grayish  color,  which  gradually  becomes  lighter,  until  it  becomes  nearly  white. 
Again,  wash  the  plate  and  flow  it  off  and  on  with  a  weak  solution  of  aqua  am- 
monia and  water  (ammonia  1  part,  water  8  parts),  gradually  and  cautiously 
increase  the  strength  of  the  solution  by  adding  ammonia;  the  plate  will  now 
darken,  until  it  grows  perfectly  black  and  opaque. 

There  are  also  various  other  substances  which  may  be  used  as  intensifiers, 
such  as  permanganate  of  potassium,  tincture  iodine,  &c,  &c.  But  those  offered 
above  will  be  found  to  answer  most  conveniently  and  effectually. 
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EFFECTS  OF  INTENSIFICATION. 

It  must  be  borne  in  mind,  however,  that  strengthening  and  intensifying  are 
only  recommended  in  the  cases  before  alluded  to,  viz. :  copies  of  engravings, 
manuscripts,  &c.  But  in  the  case  of  portraiture  you  must  aim  to  get  all  the  in- 
tensity you  desire  with  the  first  development  of  iron  j  for  an  intensified  negative 
is  never  so  fine  and  artistic  as  one  developed  with  iron  alone.  The  effects  of 
intensification  on  a  negative  may  be  briefly  stated  as  follows  : 

Let  A  B  (Fig.  119),  represent  the  edge  of  a  plate  of  glass;  C  D  the  collodion 
film;  now  when  this  plate  has  been  exposed  in  the  camera  to  a  surface,  which 
is  simply  black  and  white  (such  as  line  engraving,  woodcuts,  printed  matter,  &c), 
and  the  developer  poured  on,  the  deposit  of  silver  will 
be  represented  by  E  F,  a  perfectly  equal  and  uniform  de- 
posit, whilst  the  blacks  will  be  left  clear  after  fixing,  rep- 
D    resented  at  F  D.    Now  if  this  negative  be  further 
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strengthened  an  additional  layer  of  silver  (in  proportion 
to  the  first  layer),  will  be  deposited,  and  as  the  first  de- 
posit was  equal  throughout,  so  will  the  second  one  be, 
which  is  here  represented  at  G  H.  But  in  the  case  of  a 
negative  of  an  object  (and  not  a  flat  surface  which  is 
simply  black  and  white),  the  case  is  vastly  different. 
For  instance,  let  A  B  and  C  D  (in  the  second  diagram), 
represent  the  glass  and  collodion  film;  now  the  deposit  of  reduced  silver  will 
not  be  a  uniform  layer,  as  at  E  F  (first  figure),  but  will  be  a  layer  of  infinite  grada- 
tions (according  to  the  light  and  shade),  gradually  tapering  down  to  the  darkest 
shadow,  which  will  be  represented  by  the  clear  glass  (see  E  F  second  figure). 
Any  farther  deposit  from  intensifying,  will  be,  as  before  stated,  in  proportion 
to  the  first  deposit,  and  will  not  be  as  represented  at  G  H  (second  figure),  but 
tapering  down  to  the  glass  as  at  G  H  (third  figure).  Eemember  then  in  strength- 
ening a  portrait  negative,  you  strengthen  the  lights  more  in  proportion  than 
you  do  the  shades,  therefore  it  is  only  a  thin  weak  negative,  devoid  of  strong 
contrasts,  that  it  is  safe  and  wise  to  intensify. 

THE    FIXING  SOLUTIONS. 

The  fixing  solution  for  negatives  may  be  either  a  saturated  solution  of  hypo- 
sulphite of  soda  in  water,  or  a  moderately  strong  solution  of  cyanide  of  potassium 
(one  ounce  of  cyanide  in  six  ounces  of  water). 

The  cyanide  solution  is  generally  employed  for  fixing  positives — ferrotypes 
and  ambrotypes — and  rarely,  if  ever,  for  negatives.    Hyposulphite  of  soda  is  the 
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proper  agent ;  the  cyanide  being  highly  poisonous,  the  fumes  of  which,  especially 
in  summer,  or  in  a  warm  room,  should  be  carefully  avoided. 

The  fixing  solution  should  be  frequently  changed  ;  a  fixing  solution  saturated 
with  iodide  of  silver,  frequently  deposits  crystals  of  the  iodide  on  the  plate,  thus 
giving  rise  to  pinholes  precisely  similar  to  those  deposited  by  the  bath  solution, 
and  for  which  the  latter  is  sure  to  be  held  responsible.  The  old  fixing  solution 
is  to  be  preserved  in  barrels  for  future  reduction.    (See  Reduction  of  Wastes.) 

RECTIFICATION   OF  THE  NEGATIVE  BATH. 

After  a  certain  length  of  time,  the  bath  becomes  saturated  with  iodide  and 
bromide  of  silver  from  the  continual  dipping  of  plates;  it  accumulates  a  great 
variety  of  heterogeneous  substances,  such  as  ether,  alcohol,  dust,  nitrates  of  the 
bases  of  the  salts  used  in  the  collodion,  also  acidity  from  the  iodine  liberated  from 
the  collodion',  dirt  from  improperly  cleaned  glass,  albumen  from  the  back  of  al- 
bumcnized  plates,  &c,  &c.  Is  it  any  wonder  then  that  the  bath  becomes  in 
time  disordered  ?  The  wonder  would  be  that  it  did  not  become  so.  This  dis- 
arrangement is  made  manifest  by  streaks,  spots,  pinholes,  fog,  &c. 

The  bath  tends  towards  this  point  from  the  first  time  it  is  put  to  use,  and  thus 
gradually  becomes  changed  from  its  former  state  of  purity. 

Generally  the  first  change  in  the  bath  is  detected  from  the  fact  that  the  de- 
veloper refuses  to  flow  smoothly  over  the  surface  of  the  plate.  The  cause  of  this 
is  in  the  accumulation  of  alcohol  and  ether,  derived  from  the  collodion  ;  this  may 
be  avoided  in  two  ways  :  By  adding  a  little  alcohol  to  the  developer  just 
enough  to  cause  it  to  flow  smoothly,  no  more ;  or,  the  bath  may  be  put 
into  an  evaporating  dish  and  heated  until  it  commences  to  steam;  ten  minutes 
steaming  will  drive  out  the  greater  part  of  the  alcohol  and  ether;  these  being 
much  more  volatile  than  the  water,  are  easily  driven  off.  Before  the  solution 
has  had  time  to  cool  and  is  moderately  warm,  add  the  necessary  amount  of  pure 
water  (if  above  30  grains)  to  bring  it  to  this  point,  and  filter  whilst  still  hot  or 
warm.  The  reason  of  this  is  explained  by  the  fact,  that  iodide  of  silver  is  more 
soluble  in  a  cold  solution  of  nitrate  of  silver  than  in  a  hot  one,  and  should  any 
of  the  iodide  be  precipitated  by  heating  the  bath,  it  will  of  course  be  left  behind 
on  the  filter.  (This  latter  case,  however,  can  only  happen  when  the  bath  has 
nearly  reached  the  state  of  saturation,  and  is  thus  benefited  also  in  this  direc- 
tion.) Observe  that  after  filtering,  the  solution  should  appear  perfectly  clear, 
otherwise  it  will  fail  to  produce  really  good  effects.  The  next  sign  of  disorder 
is  a  tendency  of  the  negative  to  exhibit  a  slight  mistiness  or  veiling  in  the 
shadows,  "fogging,"  that  is,  in  developing,  the  shadows  instead  of  remaining 
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clear  and  bright  after  removal  of  the  negative  from  the  hypo,  will  present  an 
appearance  of  mistiness. 

Fogging  may  arise  from  a  great  number  of  causes,  and  by  ascertaining  exactly 
the  cause  the  remedy  will  be  obvious.  Fog  may  be  divided  into  two  classes  : 
chemical  fog,  that  caused  by  impurity  of  the  chemicals,  or  of  improper  or  in- 
advertent circumstances,  and  mechanical  (I  use  this  word  only  to  distinguish 
this  kind  of  fog  from  the  other;  all  fogging  is  of  course  chemical).  By  mechanical , 
then,  I  mean  light  improperly  gaining  admittance  to  the  plate,  i.  e.,  otherwise 
than  through  the  lens,  or  even  improperly  by  this  means,  and  dirty  plates  and 
plateholders. 

To  the  first  class  (chemical)  there  are  four  varieties,  that  is  to  say,  this  kind 
of  fogging  can  be  produced  in  four  ways,  and  is  easily  recognizable  in  its  nature. 
It  is  a  universal  veiling  or  mistiness  over  the  entire  plate,  covering  more  or  less 
the  lights  as  well  as  the  shadows,  though  it  cannot  of  course  be  seen  so  distinctly 
on  the  former  as  on  the  latter;  in  some  cases  it  entirely  obliterates  the  image. 
If  then  the  fog  be  universal,  and  rubs  off  while  wet  (and  also  rubs  off  as  a  fine 
dust  while  dry),  by  the  gentle  application  of  a  tuft  of  wetted  cotton,  or  by  the 
ball  of  the  finger,  yet  leaving  the  image  unharmed  beneath,  and  in  no  wise 
interfering  with  the  collodion  film  itself,  this  is  chemical  fog,  and  the  fault  is 
with  the  bath,  collodion,  developer,  hypo,' or  your  manipulation.  Proceed  then 
to  determine  as  follows : 

If  the  chemicals  have  thus  far  worked  satisfactorily,  and  if  you  are  using  the 
same  materials,  light,  time,  &c,  and  the  fogging  is  but  slight,  try  a  plate  in  the 
other  bath.  If  perfectly  clear,  the  chances  are  that  your  fog  is  from  dust  and 
mechanical  impurities.  Pour  the  bath  into  the  filtering  bottle,  and  first  test  it 
as  to  acidity;  if  acid,  test  its  strength;  if  below  thirty,  boil  to  that  point  and 
filter.  But  if  not  acid,  add  a  few  drops  of  nitric  acid;  the  chances  are  not  one 
in  a  hundred  that  this  will  be  the  case  if  you  use  the  collodion  made  after 
the  formulae  here  given. 

If  after  this  the  bath  works  satisfactorily  a  reasonable  length  of  time,  it  may 
be  so  treated  a  second  or  even  a  third  time ;  but  after  this  treatment,  if  it  still 
fogs,  so  much  so  that  the  moment  the  image  makes  its  appearance  it  is  imme- 
diately overtaken  by  a  dense  fog,  almost  obliterating  it,  the  bath  is  highly 
charged  with  organic  (chemical)  matter,  which  cannot  be  removed  by  filtering 
and  simply  boiling. 

The  other  causes  of  chemical  fog  are  from  over-exposure,  under-exposure,  and 
too  much  light  shining  in  the  lens.    If  the  plate  has  been  over-exposed,  the 
reduction  is  so  rapid,  when  the  developer  is  applied,  that  it  takes  place  all  over 
the  plate  at  once,  and  cannot  be  washed  off  soon  enough,  and  consequently  falls 
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upon  the  shadows  as  well  as  the  lights.  Remedy,  less  time.  If  the  plate  has 
been  under-exposed,  the  reduction  having  taken  place,  the  silver  is  attracted  so 
slowly  on  to  the  image  that  in  the  meantime  the  reduced  silver  falls  on  the 
shadows.  Remedy,  more  time.  The  first  case  shows  the  negative  thin  and  flat, 
the  second  thin,  with  violent  contrasts,  fog,  and  no  detail  in  the  shadows. 

Mechanical  fog  shows  itself  also  in  four  varieties.  It  is  seldom  or  never 
universal,  but  found  in  irregular  patches,  marks,  &c,  viz.:  It  is  caused  by  light 
striking  the  plate,  dirty  plates,  plate  standing  too  long,  either  after  exposure 
and  before  developing,  or  the  reverse.  Such  fog  is  distinguished  at  once  from 
chemical  fog  from  the  fact,  first,  it  is  not  universal,  and  cannot  be  rubbed  off 
without  also  rubbing  off  the  collodion  film  itself,  of  which  it  forms  a  part,  .as 
well  as  the  image.  The  remedy  in  all  these  cases  is  obvious:  clean  your  glass, 
use  clean  albumen,  and  avoid  dirty  plateholders  and  dirty  fingers. 

When  the  time  arrives  for  cleaning  the  bath  of  organic  (chemical)  impurities, 
it  is  as  well  to  protect  it  from  another  cause  of  trouble,  namely,  pinholes  from 
excess  of  iodide  of  silver.  These  pinholes  may  make  their  appearance  while 
the  solution  still  gives  fine  chemical  effects  otherwise,  or  the  fog  may  set  in  from 
organic  matter  being  present  in  the  solution  before  the  pinholes  manifest  them- 
selves. Pinholes  from  dust  are  generally  large,  irregular  in  shape,  and  irregu- 
larly scattered  about  the  plate,  but  pinholes  from  over-iodide  are  excessively 
minute,  of  a  regular  crystallized  form,  and  regularly  scattered  by  the  thousands 
over  the  plate.  Indeed,  they  may  plainly  be  seen  when  the  plate  is  taken  from 
the  bath,  and  well  drained  before  putting  in  the  plateholder,  or  they  may  be 
seen  after  the  plate  is  removed  from  the  plateholder  before  developing,  covering 
the  plate  like  fine  sand.  They  stick  to  the  collodion  film,  and  prevent  the 
reduction  of  silver  from  falling  on  the  parts  they  cover,  and  being  afterwards 
dissolved  in  the  hypo,  leave  a  hole  or  clear  spot  in  the  glass.  A  bath  of  three 
gallons,  in  perfect  order,  ought  to  sensitize  about  three  hundred  8x10  plates 
before  requiring  thorough  renovation. 

When  the  bath  is  only  slightly  disordered  from  organic  matter,-  a  temporary 
relief  may  be  had  as  follows  :  A  solution  of  permanganate  of  potash,  1  drachm 
permanganate  to  6  ounces  water,  is  added  drop  by  drop  to  the  bath,  stirring 
meanwhile.  The  discoloration  of  the  drops  indicates  the  presence  of  organic 
matter ;  when  the  drops  are  no  longer  discolored,  the  bath  shows  a  violet  color; 
an  excess  does  no  injury  as  regards  the  working  qualities  of  the  bath.  The 
solution  is  now  well  shaken  and  placed  in  the  sun.  As  soon  as  the  permanga- 
nate comes  in  contact  with  the  bath,  the  organic  matter  becomes  oxidized,  and 
permanganic  acid  is  liberated,  forming  permanganate  of  silver,  which  remains 
in  the  bath,  and  is  precipitated  to  the  bottom  in  dark,  brownish-black  flakes, 
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whilst  the  permanganate  itself  is  converted  into  peroxide  of  manganese.  As 
soon  as  the  solution  is  perfectly  clear  most  of  the  organic  matter  will  be  filtered 
out.  Thus  the  permanganate  precipitates  most  of  the  organic  matter  without 
the  least  injury  to  the  bath.  If  the  permanganate  of  potash  has  been  added 
in  too  large  a  quantity,  it  will  act  as  a  neutralizer,  requiring  a  few  drops  of 
nitric  acid  to  be  added  to  the  bath,  after  filtering,  to  prevent  fogging. 

Finally,  a  bath  that  is  thoroughly  worn  out  from  repeated  treatments  of  this 
nature,  generally  contains  much  ether  and  alcohol,  excess  of  iodide  and  organic 
matter.    It  must  be  completely  renovated  as  follows  : 

Pour  the  disordered  bath  into  one-fourth  its  volume  of  water,  when  it  will  im- 
mediately become  milky,  from  a  portion  of  the  iodide  of  silver  being  set  free  in  the 
solution,  as  already  explained.  If  the  water  had  been  added  to  the  bath  instead 
of  the  reverse,  as  recommended,  a  certain  amount  of  iodide  would  be  thrown 
down,  but  not  so  much  as  in  the  former  case.  The  reason  of  this  is,  that  when 
the  bath  is  added  to  the  water,  the  latter  is  in  excess  during  -the  whole  time  of 
mixing,  and  the  bath  is  so  greatly  reduced  at  the  outset  as  to  make  it  impos- 
sible to  retain  or  redissolve  any  of  the  precipitated  iodide,  whereas  when  the 
water  is  added  to  the  bath,  the  stronger  solution,  the  bath,  is  always  in  excess, 
and  a  large  portion  of  water  must  be  added  before  the  bath  ceases  to  redissolve 
the  precipitated  iodide. 

This  case  is  entirely  analogous  to  the  following :  Dissolve  bromide  of  potas- 
sium in  the  least  possible  quantity  of  water,  and  add  this  cautiously,  drop  by 
drop,  shaking  at  each  addition,  to  an  ounce  of  alcohol,  until  the  alcohol  exhibits 
the  first  signs  of  precipitating  the  bromide.  Shake  the  alcohol  thoroughly;  it 
is  now  completely  saturated.  Now  ether  may  be  added  drop  by  drop  to  the 
alcohol,  and  thoroughly  shaken  for  some  time  before  the  potassium  shows  signs 
of  precipitation ;  but  the  instant  any  attempt  is  made  to  add  the  alcohol  to  the 
ether,  thorough  precipitation  takes  place  at  once. 

To  resume:  When  the  bath  has  been  added  to  the  water  and  thoroughly  shaken, 
it  must  be  filtered  through  several  thicknesses  of  filtering-paper.  When  filtered 
it  should  be  perfectly  clear,  without  the  slightest  sign  of  milkiness,  otherwise 
it  must  be  filtered  over  again  until  perfectly  transparent  and  colorless.  (Now 
you  are  rid  of  a  portion  of  the  iodide,  which  will  remain  behind  on  the  filter,  as  a 
yellowish  mass  somewhat  resembling  sulphur.)  It  must  be  borne  in  mind  that 
the  solution  which  is  now  reduced  to  20  grains  of  silver  to  the  ounce,  by  the 
addition  of  such  an  amount  of  water,  though  filtered  clear,  is  still  saturated 
with  iodide  of  silver,  which  is  the  amount  of  iodide  required  to  be  left  in. 

The  solution  is  now  placed  in  an  evaporating  dish  on  the  stove  and  heated 
until  it  begins  to  steam.    Now  place  in  the  solution  a  piece  of  litmus  paper 
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which  will  turn  red  from  the  acidity  of  the  bath.  At  this  moment,  drop  in  dilute 
aqua  ammonia,  say  one  part  ammonia  to  five  parts  or  more  of  water,  drop  by  drop 
(or  more  according  to  the  acidity  of  the  bath);  this  will  throw  down  a  brownish- 
black  precipitate  (oxide  of  silver),  which  must  be  thoroughly  stirred  at  each 
addition,  until  the  paper  shows  signs  of  regaining  its  blue  color;  the  solution 
is  now  boiled  up  to  30  grains  to  the  ounce  or  more,  and  afterwards  reduced  to 
this  with  water.  By  this,  the  ether  and  alcohol  will  be  driver,  off,  the  acid 
neutralized,  and  the  organic  matter  thrown  down  abundantly  as  a  black  powder, 
which  will  cling  to  the  sides  and  bottom  of  the  dish,  and  the  coagulated  albu- 
men will  rise  as  a  thick  metallic  scum  to  the  surface.  When  the  solution  has 
become  cold,  it  is  to  be  filtered,  after  which  it  is  again  acidified  with  nitric 
acid,  C  P.  Observe  that  the  bath  must  not  be  acidified  until  after  it  is  filtered, 
as  the  acid  dissolves  organic  matter,  which  would  in  that  case  be  carried  back 
again  into  the  solution.  The  object  of  neutralizing  the  bath  with  ammonia,  is 
because  acids,  as  I  have  stated,  not  only  exercise  a  retarding  effect  upon  the 
reduction  of  the  salts  of  silver  by  the  developing  agents,  but  also  prevent 
the  precipitation  of  organic  matter  by  holding  it  in  solution,  especially  nitric 
acid.  On  the  contrary,  alkaline  liquids  produce  an  opposite  effect,  and  favor 
precipitation. 

Upon  trying  a  plate  in  a  bath  thus  renovated,  if  satisfactory,  the  work  is  done. 
But  it  sometimes  happens  that  the  negative  flashes  up  quickly  and  grows  intense 
in  the  lights  without  detail  in  the  shadows :  a  little  addition  of  nitric  acid  soon 
remedies  the  evil.  The  bath  must  be  very  thoroughly  stirred  when  the  acid  is 
added,  and  should  remain  all  night  in  the  bathholder  before  using. 

When  a  bath  has  been  treated  two  or  three  times  as  just  described,  and  again 
becomes  badly  disordered,  there  remain  two  other  methods  to  pursue,  namely : 
fusion  and  precipitation,  and  redissolution. 

TO  FUSE  THE  BATH. 

As  before  stated,  pour  the  bath  into  one-fourth  its  volume  of  water,  and  filter 
out  the  precipitated  iodide;  place  the  solution  into  an  evaporating  dish  on  the 
stove,  and  evaporate  to  dryness,  without  neutralizing  with  ammonia  or  any  other 
agent.  Upon  adding  ammonia  to  a  solution  of  nitrate  of  silver,  a  brownish- 
black  or  coffee-colored  precipitate  is  thrown  down  (oxide  of  silver).  If  now 
the  bath  were  evaporated  to  dryness,  this  black,  micaceous  powder,  to  which 
the  name  of  fulminating  silver  has  been  given,  would  be  thrown  down.  Jt  is  of 
a  most  explosive  and  dangerous  character,  and  in  evaporating  a  bath  containing 
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this  substance  be  very  careful  that  it  does  not  boil,  as  the  fulminate  explodes 
even  under  water  heated  to  212°  F.,  and  also  when  in  a  moist  state  if  rubbed 
with  a  hard  substance.  But  when  dry,  the  touch  of  a  feather,  or  the  vibration 
of  a  house  by  a  passing  carriage,  is  sufficient  to  cause  its  violent  decomposition. 
It  is  necessary  to  be  aware  of  these  facts,  in  order  to  avoid  the  risk  of  pro- 
ducing by  accident  this  exceedingly  dangerous  substance. 

As  the  solution  reaches  this  state  (dryness)  a  series  of  curious  and  very 
interesting  phenomena  take  place.  Minute  bubbles  commence  forming  in  the 
centre  of  the  solution,  which  gradually  spread  out  further  and  further  until 
they  reach  the  sides  of  the  dish.  These  bubbles  now  increase  in  size  and 
violence,  rising  higher  and  higher;  sometimes  the  frothy  mass  will  rise  like 
soapsuds  until  it  entirely  fills  the  dish,  according  to  the  amount  of  silver  in 
use.  When  it  has  done  this,  several  of  these  bubbles  will  break  open,  allowing 
an  escape  of  vapor  like  miniature  volcanoes.  When  this  has  all  ceased,  scrape 
the  mass  down  into  the  middle  of  the  dish.  The  salt  will  next  commence  to 
liquefy  again;  i.  e.,  to  melt.  When  it  is  all  melted  it  will  have  the  appearance 
of  a  heavy  oil  or  syrup,  which  will  remain  quiet,  without  boiling  or  steaming, 
at  the  bottom  of  the  dish.  The  silver  salt  is  now  said  to  be  fused.  At  this 
period  of  the  operation,  insert  the  end  of  a  small  splinter  of  wood  or  a  broom 
straw,  which  may  or  may  not  take  fire.  If  not,  continue  the  heat  until  the 
straw  does  ignite.  When  this  takes  place  it  is  proof  that  all  the  organic  matter 
is  carbonized,  and  thus  rendered  totally  insoluble. 

The  heat  is  now  turned  off,  or  the  dish  removed  from  the  fire  and  suffered  to 
cool.  As  the  dish  cools,  loud  snaps  frequently  occur,  and  the  dish  will  ring  out 
soundly  as  if  struck  smartly  with  a  light  hammer.  No  fears  for  the  safety  of 
the  dish  need  be  entertained,  however,  as  this  is  caused  solely  by  the  contraction 
of  the  silver  salt  in  the  act  of  cooling. 

When  the  dish  has  cooled,  the  fused  mass  may  be  dissolved  in  pure  water  by 
the  aid  of  gentle  heat,  and  diluted  to  30  grains  and  filtered.  The  organic  matter 
is  now  almost  entirely  separated,  and  will  be  left  behind  on  the  filter.  The 
solution  after  acidifying  (for  it  must  be  known  that  the  acid  is  also  driven  off 
during  fusing),  will  be  ready  to  use  as  a  new  bath. 

TO  KESTOKE  A  DISOKDEKED  BATH  BY  PEECIPITATION. 

When  from  some  unforeseen  circumstance  other  than  long  usage,  the  bath 
solution  is  absolutely  ruined,  the  following  plan  must  be  adopted. 
Pour  the  bath  solution  into  one-fourth  its  volume  of  water  and  filter  out  the 
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precipitated  iodide.  Now  pour  the  solution  into  three  or  four  large  glass  jars 
(each  to  be  half  filled),  and  add  little  by  little,  stirring  continually,  finely  pul- 
verized bicarbonate  of  soda  (which,  uniting  with  the  silver  solution  with  violent 
effervescence,  forms  carbonate  of  silver,  and  being  insoluble  in  water  it  falls  to  the 
bottom  of  the  jars),  until  all  the  silver  is  thrown  down  (an  excess  of  soda  will  do  no 
harm).  Next,  fill  these  jars  with  pure  water,  stir  thoroughly,  and  allow  the  pre- 
cipitate to  settle.  When  settled,  pour  off  the  water,  and  fill  up  again  with  more 
water;  this  is  done  in  order  to  dissolve  out  all  the  soda  which  might  be  present, 
and  to  thoroughly  wash  the  carbonate  of  silver.  This  washing  must  be  repeated 
eight  or  ten  times,  when  the  water  is  finally  drained  off.  Now,  add  very  cau- 
tiously, little  by  little,  chemically  pure  nitric  acid,  which  will  dissolve  the  car- 
bonate of  silver  with  effervescence.  Stir  the  mixture  well  with  each  addition 
of  the  acid.  Be  very  careful  to  leave  a  small  portion  of  the  carbonate  undis- 
solved, in  order  to  leave  the  solution  neutral,  for  if  by  accident  too  much  acid 
has  been  added,  the  whole  of  the  work  will  have  to  be  done  over  again  ;  because 
the  organic  matter  in  the  bath  is  soluble  in  acid,  and  thus  cannot  be  filtered  out 
whilst  the  bath  is  in  an  acid  state.  The  least  amount  of  precipitate  left  undis- 
solved will  leave  the  bath  perfectly  neutral.  When  all  is  dissolved  except  the 
small  quantity  already  alluded  to,  the  muddy  solution  must  be  filtered,  and  may 
then  be  reduced  to  30  grains  with  water  for  use. 


TO  Til  HOW  DOWN  THE  SILVER  IN  TIIE  METALLIC  STATE. 

To  obtain  the  silver  in  a  pure  metallic  state,  free  from  the  nitrates  of  the  bases 
of  the  salts  used  in  the  collodion,  proceed  as  follows:  Pour  the  solution  into  a 
clean  evaporating  dish  and  place  in  it  pieces  of  bright  clean  zinc,,  when  the  silver 
will  commence  falling  down  in  the  metallic  state;  the  zinc  dissolves  and  takes 
the  place  of  the  silver.  In  a  few  hours  all  the  silver  will  be  thrown  down  in  the 
form  of  a  gray  powder,  and  the  zinc  which  remains  undissolved  must  be  picked 
out  of  the  dish,  and  the  silver  clinging  to  it  scraped  off.  Next  make  a  mixture 
of  sulphuric  acid  one  part,  and  water  three  parts;  add  this  to  the  gray  mass 
and  stir  it  well.  This  is  done  in  order  to  dissolve  any  particles  of  zinc  which 
may  be  left  in  the  dish.  Allow  this  to  stand  until  no  more  bubbles  of  hydrogen 
gas  arc  given  off.  Finally  pour  off  the  acid,  ami  wash  the  silver  in  several 
changes  of  water,  until  it  no  longer  reddens  litmus  paper.  The  silver  can  now 
be  dissolved  in  chemically  pure  nitric  acid,  diluted  with  two  parts  of  water, 
evaporated  to  dryness  and  fused. 
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THE  CAME  B  A. 


The  body  of  the  camera  (also  the  lenses) 
should  be  of  the  best  procurable,  and  by  all 
means  furnished  with  a  swing-back,  both  ver- 
tical and  horizontal,  and  also  with  a  sliding 
plate-holder  carriage.  It  should  further  be 
provided  with  a  hood  (t.  e.,  a  front  projec- 
tion, see  Fig.  120),  having  a  hole  in  the  side 
for  removing  and  replacing  the  cap.  The  use 
of  this  is  too  obvious  to  need  further  words. 

The  object  of  the  swing- 
back  is  too  apparent  to  need 
much  discussion.  Observe 
that  the  rays  of  light  A  and 
B  (Fig.  121),  coming  from 
the  inclined  position  of  the 
head,  and  reaching  the 
ground  glass  C  D  which  is 
vertical,  reach  this  latter 
surface  with  different 
lengths,  but  if  the  ground 
glass  be  inclined  in  the  di- 
rection E  F,  this  defect  is  in 
a  great  measure  corrected. 

Now  this  is  all  well  enough 
if  used  with  judgment,  in 
portraiture,  but  such  a  mode 
of  procedure  in  copying 
would  be  fatal.  In  this  lat- 
ter case  it  is  absolutely  nec- 
essary that  the  surface  to  be 
copied  and  the  surface  of 
the  ground  glass  be  perfectly 
at  right  angles  with  the  axis  of  the  lens,  consequently  parallel  with  one  another. 

Thus,  let  A  B  (Fig.  122)  be  the  picture  to  be  copied,  and  C  D  the  plane  of  the 
plate;  notice  that  where  the  rays  A  B  reach  the  plate  at  E  H,  forms  the  height 
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of  the  copy.  If,  however,  the  plate  be  tilted  as  in  G  F,  the  rays  no  longer  strike 
in  the  same  portion,  and  though  the  picture  may  appear  in  focus  its  proportion 
must  be  altered,  as  shown  by  the  lines  HK  and  GI.  On  the  other  hand,  if 
GF  represent  the  picture,  and  AB  the  plate,  the 
same  grave  error  must  necessarily  occur.  Thus, 
when  copying  requires  great  accuracy  (and  all 
copying  should),  a  copying  stand  or  similar  ar- 
rangement becomes  indispensable. 

•The  construction  of  such  a  machine  is  so  very 
simple  and  obvious,  that  its  description  is  purposely 
omitted  in  these  pages. 

The  camera  stand  should  be  very  solid,  easily 
moved  about  and  adjusted.  I  greatly  prefer  and 
recommend  the  kind  shown  in  Fig.  123.  Where 
the  floor  of  the  studio  is  uneven,  a  little  wedge  al- 
ways attached  by  a  string  to  the  stand  easily  rem- 
edies this  objection. 

THE  PLATEHOLDER 

Eequires  considerable  attention  and  care;  all  parts,  especially  the  edges  and 
body  of  the  slide,  and  the  interior  corners,  should  be  frequently  rubbed  with 
tallow.  This  answers  a  double  purpose  :  it  protects  them  from  the  corroding 
influence  of  the  silver  solution,  and  all  particles  of  dust  or  dirt  drawn  out  with 
the  slide,  will  stick  to  this  tallow,  which  would  otherwise  have  been  deposited 
on  the  plate.  The  camera  should,  of  course,  be  carefully  wiped  out  every 
morning  with  a  wet  sponge.  Always  apply  a  thick  wad  of  bibulous  paper  to 
the  back  of  the  plate  in  the  holder,  as  this  prevents  most  of  the  silver  soiling 
the  floors  and  hands,  and  the  silver  can  be  easily  recovered  as  waste. 


THE  LENS. 

For  the  drawbacks  and  imperfections  of  lenses,  the  reader  is  referred  to  the 
section  on  Optics. 

Do  not  buy  any  lens  because  it  is  cheap.    Let  the  lens  be  especially  adapted 
for  its  own  work.    Eemember,  that  a  lens  suitable  for  a  cabinet  card,  standing 
figure,  is  useless  for  an  8  x  10  head.    A  lens  for  copying  one  size  picture  a  cer-  > 
tain  size  would  be  worthless  for  making  a  certain  picture  different  sizes. 
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If,  upon  placing  the  lens  on  a  piece  of  pure  white  paper,  the  paper  appears 
through  the  lens  of  a  greenish  or  yellowish  tint,  remember  that  in  proportion 
to  the  depth  of  that  color,  so  will  your  exposure  be  prolonged,  and  though  the 
lens  is  much  in  fault  in  this  respect,  it  may  be  unexceptional  otherwise,  and  in 
a  copying  tube  this  might  be  overlooked. 

The  simplest  plan  to  test  the  correctness  of  your  focus  is  to  place  a  strip  of 
printed  paper  opposite  the  lens,  in  an  inclined  position  (see  Fig.  124).  Now 
focus  sharply  the  centre  letters  on  the  ground  glass,  and  make  a  negative. 

Examine  carefully  whether  the 
negative  is  sharpest  at  the  point 
you  focused;  if  so,  all  is  well.  It 
may,  however,  happen  that  though 
the  centre  letters  were  sharpest  on 
the  ground  glass,  they  may  not  be 
sharpest  in  the  negative;  if  then 
those  letters  nearer  or  further  from 
the  centre  are  better  in  focus  on 
the  negative,  whilst  the  centre  ones 
were  best  in  focus  on  the  ground  glass,  the  latter  must  of  course  have  its  position 
altered,  and  must  either  be  set  still  further  back  or  front  as  the  case  may  require. 

Most  of  the  ground  glass  used  in  the  construction  of  our  cameras  is  of  a 
remarkably  indifferent  nature,  being  very  common  glass,  very  coarsely  ground 
at  that.  Better  have  a  piece  of  good  plate  glass  ground  expressly.  It  may  not 
be  out  of  place  to  mention  here,  that  in  case  your  ground  glass  meets  with  an 
accident,  and  no  time  can  be  spared  just  then  to  get  another,  cut  out  a  square 
of  glass,  which  may  be  rubbed  over  with  an  ordinary  piece  of  putty  covered 
with  a  rag. 

The  lenses  should  be  cleaned  by  breathing  upon  them,  and  polishing  with  a 
piece  of  soft  rag — never  use  paper,  as  the  delicate  polish  of  the  surface  is  very 
easily  scratched — after  which  they  may  be  dusted  off  with  a  camel's-hair  brush. 
In  removing  the  lenses  of  a  portrait  combination,  there  is  sometimes  a  doubt, 
and  consequently  a  risk,  as  to  their  not  being  put  back  in  their  proper  positions, 
and  the  consequence  of  reversing  any  of  the  lenses  composing  the  combination 
cannot  but  result  disastrously.  The  front  lens,  which  is  a  cemented  achromatic, 
must  be  mounted  so  that  the  convex  side  be  next  the  end  of  the  tube;  i.  e.,  be 
presented  towards  the  sitter.  With  respect  to  the  back  lenses,  place  the  "cell" 
on  the  table,  and  drop  in  the  convex  lens  first,  with  its  concave  or  flattest  side 
downward;  now  insert  the  ring  which  serves  to  keep  the  lenses  apart;  next 
insert  the  flint-glass  lens,  concave  side  downwards. 
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VARNISHING  THE  NEGATIVE. 

After  the  negative  has  been  thoroughly  washed  and  dried,  it  is  to  be  varnished. 
Before  doing  this,  however,  in  the  case  of  a  portrait,  the  pupil  of  the  eye  is  to 
be  neatly  scratched  out,  and  any  false  lights  carefully  removed. 

Varnishing  a  negative  is  an  operation  in  which  too  much  care  cannot  be 
bestowed.  Many  a  valuable  negative  has  been  ruined  simply  by  the  careless- 
ness in  varnishing.  Not  only  do  some  kinds  of  varnish  exercise  an  .injurious 
effect  on  the  film  of  the  collodion  itself,  but  the  color  and  consistency  of  the 
varnish  are  points  of  great  consequence. 

A  thick  varnish  is  not  recommended;  at  the  same  time  the  varnish  must 
have  sufficient  solvents  as  not  to  dry  "dead,"  but  present  a  surface  perfectly 
smooth  and  hard  when  dry.  The  plate  is  first  thoroughly  w  armed  all  through, 
to  drive  out  any  latent  moisture  which  may  have  been  derived  from  the  atmos- 
phere, and  then  when  still  warm,  not  hot,  the  varnish  is  carefully  poured  on. 
Do  not  pour  off  the  varnish  too  soon  ;  let  it  stand  still  two  or  three  seconds  on 
the  plate,'  that  it  may  well  soak  in  the  film,  and  then  rock  the  plate  continually 
whilst  pouring  off. 

NEGATIVE  VARNISH. 


Alcohol,   14  ounces. 

Gum  Camphor,   \  " 

Oil  of  Lavender  or  Bergamot,   \  " 

Shellac,  unbleached,  1  11 

Sandarac,  1  drachm. 


Place  the  ingredients  (the  lacs  and  gums  being  in  fine  powder  and  thoroughly 
mixed  with  finely-powdered  glass)  in  a  bottle,  and  the  bottle  in  an  evaporating 
dish  of  water  on  the  fire.  By  the  application  of  heat  the  lacs  dissolve;  stir  the 
mixture  occasionally,  after  which  the  varnish  may  be  filtered  for  use. 

In  pouring  the  surplus  varnish  from  the  plate,  do  not  pour  it  in  the  same 
bottle  w7hence  it  was  poured,  as  it  will  bo  sure  to  carry  with  it  any  dust  or 
particles  which  might  have  been  on  the  plate  or  floating  in  the  air;  especially 
do  not  varnish  in  a  draft.  The  varnish  which  has  been  received  from  the  plate 
in  this  second  bottle  may  require  a  little  thinning  with  alcohol,  and  filtering 
before  using  a  second  time.  After  the  plate  has  been  varnished  it  must  be 
gently  warmed  and  suffered  to  cool.  • 

RETOUCHING  THE  NEGATIVE. 

After  the  negative  has  been  printed,  and  the  proof  approved,  the  next  step  is 
to  retouch  it;  to  do  which,  you  require  a  retouching  stand,  as  showrn  in  Fig.  125. 
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Ketouching  negatives  properly,  can  only  be  acquired  by  constant  practice,  and 

requires  exquisite  taste  and  judgment.  It  is  a 
special  branch  of  the  artist,  not  the  operator ; 
therefore  I  can  only  give  you  here  some  few- 
hints,  which  I  hope  will  do  no  harm,  if  no  good. 

The  retoucher  should  be  a  good  draughtsman, 
and  thoroughly  acquainted  with  the  drawing 
of  facial  muscles;  he  must  further  be  wTell  in- 
formed as  to  the  printing  qualities  of  the  nega- 
tive, and  observe  the  greatest  care  that  he  in 
nowise  interfere  with  the  likeness.  No  amount 
of  skilful  retouching  can  much  improve  a  really 
bad  negative. 

It  is  necessary  in  the  first  place  to  give  to 
the  negative  a  proper  surface  to  make  the  pencil  "take;"  a  "biting"  surface, 
technically  termed  "tooth."  This  is  done  by  applying  finely-powdered  pumice- 
stone  to  the  parts  to  be  retouched,  and  with  the  ball  of  the  third  finger  rub  the 
surface  of  the  varnish  in  circles  until  you  grind  off  the  polish  of  the  varnish, 
yet  not  so  deep  as  to  reach  the  delicate  film  beneath. 

Having  laid  the  negative  on  the  retouching  frame,  next  procure  a  piece  of 
blackened  cardboard  the  full  size  of  the  surface  of  your  retouching  frame.  Cut 
out  a  hole  in  the  centre  the  size  required  to  work  on  the  negative.  This  pre- 
vents the  glare  from  the  mirror  of  the  frame,  or  reflecting  white,  surface  beneath, 
from  straining  the  eyes  too  much,  and  by  shutting  off  this  extraneous  light 
causes  the  parts  to  be  worked  upon  to  stand  out  more  brilliantly.  Negative 
retouching  has  now  become  a  necessity,  and  is  practiced  in  all  galleries  of  any 
note.  It  is  to  be  regretted  that  of  late,  however,  this  practice  has  been  carried 
altogether  too  far.  Many  an  exquisitely  beautiful  negative  has  been  entirely 
ruined  by  the  retoucher. 

The  materials  used  are  lead-pencils,  black  lead  in  powder,  stumps,  India  ink, 
and  a  few  sable-hair  brushes.    The  best  pencils  are  Faber's  F,  II,  HUH,  and  B. 

The  black  lead  is  made  by  scraping  off  a  Faber  6  B,  which  is  very  soft.  The 
"stumps"  usually  sold  are  not  well  adapted  for  this  purpose,  being  both  too  soft 
and  too  thick.  In  order  to  make  a  stump  suitable  for  retouching,  take  a  piece 
of  unsized  paper,  i.  e.,  printing  paper,  cut  out  a  strip  about  eight  inches  long, 
two  inches  wide  at  one  end,  and  half  an  inch  at  the  other;  turn  the  small  end 
over  between  the  thumb  and  forefinger,  and  roll  it  up  tightly  into  a  hard  roll 
or  stump ;  a  little  practice  will  soon  enable  you  to  regulate  the  making  of  a 
sharp  or  a  dull  point,  as  desired.  . 
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The  India  ink  consists  of  India  ink  mixed  with  gum  Arabic,  six  parts,  and 
rock  candy,  one  part. 

Having  the  proof  of  the  negative  to  be  retouched  before  you,  you  are  better  en- 
abled to  see  and  to  determine  where  the  retouching  shall  be  exercised.  Be  careful 
to  remove  only  the  imperfections,  without  disturbing  the  modelling  of  the  picture. 

If  the  line  along  the  nose  is  very  narrow  and  black,  a  fine  brush  and  ink  will 
be  found  better  adapted  than  the  pencil.  It  must  be  filled  with  thin  ink  and 
gum;  do  not  fill  it  up  entirely,  as  this  will  show  white  and  destroy  the  modelling. 
If  the  shadow  under  the  chin  and  nose  is  smooth  enough,  but  too  dark,  do  not 
attempt  to  lighten  it  by  stippling,  thereby  making  a  number  of  light  spots  all 
over,  but  use  your  stump,  by  which  means  you  can  lighten  a  surface  with  great 
ease  and  rapidity  without  destroying  the  drawing. 

Be  careful  not  to  have  too  much  lead  on  your  stump,  because  the  first  touch 
on  the  negative  is  very  apt  to  show  too  strong ;  it  is  better  to  try  it  first  on  the 
edge  of  the  plate  and  work  the  surplus  off.  Should  the  stump  be  too  full  of  lead 
you  will  produce  a  spotty  surface  ;  this  must  be  carefully  avoided,  since  it  cannot 
be  removed  by  rubbing.  Indeed  no  amount  of  rubbing  with  India-rubber,  bread, 
or  anything  else,  will  accomplish  this;  the  rubbing  will  merely  have  the  effect  of 
polishing  it,  and  it  can  only  be  removed  by  a  further  rubbing  with  pumice,  a 
necessity,  however,  which  is  best  avoided  by  previous  carefulness. 

If  you  should  not  get  enough  lead  on  with  the  first  application,  go  over  it 
again  little  by  little  until  you  have  reached  the  required  degree  of  opacity. 

The  details  in  the  beard,  hair,  &c,  may  be  drawn  in  with  a  Faber,  over  the 
stumped  part,  and  if  this  does  not  entirely  accomplish  the  object,  a  very  little 
brush-work  in  India  ink  over  this  again  will  be  sure  to  secure  the  desired  end. 

In  a  negative  where  the  sitter  has  moved,  and  there  lias  resulted  a  blurring  of 
the  eyes  and  a  double  contour  of  the  facial  lines,  a  few  judicious  touches  with 
the  lead-pencil  will  have  a  wonderful  effect  in  removing  these  blemishes.  Tho 
use  of  fine  emery  paper  is  desirable  for  sharpening  the  pencils. 

When  the  requisite  amount  of  work  is  supposed  to  be  done,  make  another 
proof,  and  if  the  retouching  prove  satisfactory,  all  well;  if  not  proceod  until  this 
end  is  accomplished. 

Of  all  things  you  do,  "  don't  overdo  it." 

It  has  frequently  been  asserted  that  retouching  is  a  low  trick,  a  dodge  to  cover 
up  the  shortcomings  of  the  negative,  in  other  wTords,  retouching  is  doing  mechan- 
ically what  ought  to  be  done  photographically.    This  is  simply  nonsense. 

If  the  reproductions  by  photography  were  strictly  true,  I  might  agree  with 
this  kind  of  argument.  But  I  have  shown  in  another  part  of  this  book  that  in 
very  many  instances  photography  is  a  long  way  from  the  truth. 

20 
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No  retouching,  even  of  the  best,  can  perfect  a  really  bad  negative,  and  per 
contra,  a  judicious  handling  of  the  pencil  can  very  greatly  improve  a  really  good 
one.  It  is  but  too  well  known  that  freckles  are  of  a  brownish-yellow  color, 
and  even  when  scarcely  perceptible  in  the  original,  come  out  jet-black  specks  in 
the  print.  In  fact,  the  chemicals,  not  possessing  the  power  of  photographing 
color,  do  not  produce  the  freckles  as  in  nature,  but  very  grossly  exaggerate  them. 
Again,  red  hair  comes  out  almost  black.  The  consequence  is  that  the  print  does 
not  in  the  least  resemble  the  original.  This  can  only  be  overcome  by  powdering 
in  the  first  place,  and  retouching,  i.  e.,  drawing  in  detail,  in  the  hair  on  the  neg- 
ative, in  the  second  place. 

A  very  young  child  (with  red  hair  and  freckles,  especially  on  a  fair  skin, 
requiring  a  very  rapid  exposure),  cannot  possibly,  without  after  retouching,  be 
well  taken  by  any  means,  within  our  present  pjiotographical  knowledge. 

Now  direct  your  attention  to  photograph  No.  2.  This  young  lady  possesses 
auburn  hair,  slightly  inclining  to  red,  and  a  few  freckles  scarcely  perceptible  to 
the  eye.    Please  direct  your  attention  to  photograph  No.  1. 

In  both  pictures,  the  hair,  which  would  have  been  represented  as  a  black  mass, 
was  first  carefully  powdered,  and  afterwards  drawn  in  on  the  negative  in  the 
most  admirable  manner,  and  is  here  represented  as  it  appears  in  the  original. 
That  portion  of  the  hair  falling  from  the  ear  to  the  shoulder,  has  been  purposely 
left  unretouched,  that  you  might  see  the  black  mass  to  which  I  have  just  alluded. 
But  the  face !  look  what  the  chemicals  have  first  done  for  us  (No.  1).  The  face 
is  all  blotchy  and  dirty,  vastly  different  from  the  soft  pure  skin  which  is  per- 
fectly represented  in  No.  2,  where  the  pencil  has  helped  us. 

Are  we  then  justified  in  retouching  this  ?  If  the  negative,  owing  to  the  inabil- 
ity of  the  chemicals,  produces  an  untruthful  picture,  are  we  not  justified  in  correct- 
ing the  shortcomings  of  the  agents  employed,  calling  to  our  aid  perfectly  judicious 
and  thoroughly  artistic  retouching ?    Need  I  answer  you? 

"  But,"  you  ask  me,  "  suppose  the  lady  has  freckles  which  are  plainly  seen, 
and  you  go  to  work  and  retouch  them  all  out,  presenting  her  in  a  skin  as  white 
and  smooth  as  marble,  is  that  truthful  ? " 

Ah !  this  is  an  important,  an  all-important  matter.  The  lady  represented  in 
photograph  No.  3,  had  plainly  visible  freckles,  and  very  red  hair.  Now  in  No. 
4  the  retouching  has  been  purposely  overdone.  Not  only  have  the  freckles 
(which  ought  in  a  certain  degree  to  have  appeared  in  the  print),  been  entirely 
obliterated,  but  have  also  all  the  exquisite  and  delicate  lights  and  shades  which 
play  upon  the  face  (see  under  the  hair,  nose,  eyes,  mouth,  &c.)  The  consequence 
of  this  injudicious  retouching  is  a  face  as  smooth  and  clear  as  marble,  the  mod- 
ulation entirely  destroyed,  and  the  photograph  rendered  flat  and  unmeaning, 
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even  the  original  expression,  which  is  everything  in  a  portrait,  is  completely 
lost.  The  wrinkles,  deep-set  eyes,  and  strongly  marked  lines  in  a  very  old  face, 
are  fearfully  exaggerated  in  the  print,  and  if  in  the  retouching,  all  this  is  to  come 
out,  you  simply  make  a  caricature. 

In  the  first  negatives  I  made  of  Nos.  3  and  4,  the  hair,  which  had  not  been 
powdered,  is  absolutely  clear  glass,  in  other  words  is  totally  devoid  of  a  trace  of 
detail.  In  the  second  negatives  (the  ones  here  employed),  the  hair  in  both 
instances  was  powdered,  but  behold  the  difference  !  In  No.  4  the  negative  is 
retouched  in  the  face,  but  not  in  the  hair.  In  No.  3  the  negative  is  not  retouched 
in  the  face,  but  is  in  the  hair.  The  retouching  is  done  in  a  manner  at  once  ad- 
mirably, and  with  perfectly  artistic  judgment.  The  spaces  above  the  left  ear, 
are  left  purposely  unretouched,  that  you  may  plainly  see  what  the  original 
negative  presented. 

I  have  said  this  much  in  defence  of  retouching  as  relates  to  portraiture;  but 
what  shall  we  see  when  we  come  to  apply  this  to  copies  of  colored  works  of  art? 
The  reproduction  of  some  paintings,  with  anything  like  resemblance  to  the 
original,  would  be  simply  impossible.  Behold  the  oil  painting!  Here  we  have 
the  sun  setting  in  all  his  glorious  splendor,  gilding  the  surrounding  clouds  with 
golden  borders;  the  roofs  of  the  houses  glow  with  a  reddish  tinge,  and  innumer- 
able reflected  lights  dart  from  the  numberless  glazed  sashes;  further  on  we  see 
the  flying  vessels  ploughing  their  way  through  the  emerald  sea,  the  snow-white 
canvas  boldly  relieved  against  the  blue  sky,  &c.  Let  us  look  at  the  photograph. 
Alas!  the  unretouched  photograph. 

"Horrible,  horrible,  most  horrible!"  Where  now  are  our  glorious  sun,  our 
golden  clouds,  and  reddish  roofs,  &c?  Echo  answers:  "  Where,  indeed  !  "  The 
blue  of  the  sky  has  taken  white,  in  which  the  sails  of  the  vessels  are  com- 
pletely lost. 

And  because  a  set  of  blacksmiths  and  Kocky  Mountain  boys  make  a  piece  of 
botchwork  of  all  they  touch,  must  we  abandon  the  idea  of  improving  our  nega- 
tives by  careful  and  artistic  retouching?  Must  the  many  clever  knights  of  the 
pencil  starve  because  a  pack  of  blockheads  make  work  that  causes  a  barren  set 
of  spectators  to  laugh,  and  the  judicious  to  grieve? 

THE  PRINTING  ROOM. 

This  room  is  generally  built  on  the  roof  of  the  building.  The  silvering  can 
either  be  done  up  here,  or  in  a  room  especially  provided  for  this  purpose  below, 
and  the  paper  brought  up  stairs  as  desired.  This  room  should  be  amply  pro- 
vided with  racked  shelves  for  the  different  sized  negatives  required  to  be  printed 
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from,  and  with  a  wide  bench  on  which  the  frames  are  laid  to  be  filled;  beneath 
these  shelves  are  to  be  drawers  to  contain  the  sensitized  papers  and  prints.  All 
the  windows  of  this  room  should  be  stippled  with  yellowish-red  paint,  or  covered 
over  with  yellow  tissue-paper. 

SILVERING  PLAIN  PAPER. 

There  is  a  wrong  side  and  there  is  a  right  side  to  the  paper,  which  can  easily 
be  discovered  by  a  little  careful  inspection.  Having  discovered  which,  it  were 
well  to  mark  all  the  sheets  with  a  pencil.  Make  a  solution  of  five  grains  of 
chloride  of  ammonium  to  every  ounce  of  water,  and  pour  this  into  a  suitable 
sized  tray;  into  this  immerse  the  sheets,  one  at  a  time;  allow  them  to  get  thor- 
oughly wetted,  when  they  may  be  drawn  through  the  solution  several  times, 
afterwards  hung  up  in  a  clean  room,  free  from  dust,  to  dry.  When  thoroughly 
dry,  the  right  side  is  rubbed  with  a  solution  of 

AMMONIO-NITRATE   OF  SILVER. 

Dissolve  nitrate  of  silver  in  pure  water  until  the  hydrometer  indicates  sixty 
to  sixty-five  grains  to  the  ounce.  Shake  thoroughly  and  add,  little  by  little, 
aqua  ammonia,  stirring  the  whole  time.  At  first  a  coffee-colored  precipitate  is 
thrown  down  (oxide  of  silver),  causing  the  solution  to  become  muddy  or  turbid; 
but,  upon  continuing  to  add  the  ammonia,  the  precipitate  gradually  becomes 
redissolved,  and  the  solution  to  clear  again.  When  nearly  clear  (a  slight  tur- 
bidity must  exist),  it  must  be  filtered  clear.  In  the  event  of  too  much  ammonia 
being  added,  so  as  to  perfectly  clear  the  liquid,  enough  nitrate  of  silver  must 
be  added  to  render  the  solution  turbid  again,  then  filter. 

The  object  in  having  the  solution  slightly  turbid  and  filtering  it  out  clear  is, 
that  any  free  ammonia  in  the  solution  will  cause  the  paper  to  turn  brown,  and 
the  slight  turbidity  denotes  that  there  is  not  an  excess  of  ammonia.  The  paper 
is  now  laid,  right  side  up,  on  a  smooth  piece  of  blotting-paper,  and  sufficient 
silver  solution  poured  on  in  a  pool  in  the  middle  of  the  paper;  this  pool  is  then 
carefully  brushed  with  a  tuft  of  cotton  until  all  parts  of  the  surface  of  the  paper 
arc  equally  silvered,  when  the  paper  must  be  hung  up  to  dry.  This  of  course 
must  be  done  in  the  silvering  room,  free  from  all  white  light. 

The  paper  for  solar  negatives  may  also  be  prepared  in  this  manner:  Print  a 
little  deeper  than  that  required,  and  after  washing  fifteen  or  twenty  minutes  in 
running  water,  tone  in  the  ordinary  toning  bath  used  for  albumen  paper. 
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ALBUMEN  PAPER. 

Albumen  paper  is  sold  of  so  many  good  brands  that  it  is  not  advisable  to 
prepare  it  yourself,  where  it  is  readily  procurable  at  the  stockhouses.  Where, 
however,  it  cannot  be  obtained,  except  at  a  great  sacrifice  of  time  and  expense, 
the  following  mode  of  preparation  presents  no  very  great  difficulties: 

Break  perfectly  fresh  eggs,  being  careful  not  to  injure  the  yolk,  and  carefully 
separate  the  albumen  from  the  yolks,  one  egg  at  a  time,  in  a  cup;  to  each  ounce 
of  albumen  add  ten  grains  of  finely-powdered  chloride  of  ammonium,  and  beat 
the  whole  into  a  perfectly  stiff  froth.  Let  this  stand  for  about  thirty  hours, 
then  strain  through  muslin  into  a  porcelain  tray. 

The  chief  kinds  of  paper  used  are  the  Eive,  Saxc,  Stcinbach,  and  some  others. 

Take  the  sheet  by  the  diagonal  corners,  bring  one  corner  carefully  down  on 
the  albumen,  and  lower  the  whole  sheet  slowly  on  the  albumen  surface;  when 
the  paper  lays  flat,  raise  it  alternately  by  each  corner  to  see  if  any  bubbles  have 
formed  under  it;  if  so,  these  must  be  removed  by  means  of  a  glass  rod. 

The  paper  is  floated  two  or  three  minutes,  according  to  the  temperature.  If 
floated  too  long  the  albumen  is  apt  to  sink  in  the  paper,  thus  the  surface  dries 
dull.  Now  lift  it  carefully  off  the  albumen  and  hang  it  up  to  dry.  The  paper 
should  be  hung  in  a  hot  room,  as  the  quicker  it  dries  the  more  brilliant  will  be 
the  gloss. 

THE  POSITIVE  BATH. 

The  strength  of  the  positive  bath  must  be  regulated  by  the  strength  of  the 
negative.    The  stronger  the  negative  the  weaker  the  bath  may  be.    For  a 

Fig.  126. 


moderately  strong  negative  the  bath  may  be  between  sixty  and  sixty-five  grains 
to  the  ounce;  very  thin  and  weak  negatives  require  a  bath  of  seventy  to  eighty 
grains.    The  solution  is  made  slightly  acid  with  nitric  acid.    The  employment 
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of  ammonio-nitrate  for  albumen  paper  is  not  recommended,  as  the  strong  am- 
monia aifects  the  albumen.  Ammonia,  however,  is  employed  to  form  ammonio- 
nitrate  on  the  surface  of  the  paper  after  silvering,  by  what  is  termed  fuming, 
to  be  presently  described.  When  the  solution  is  filtered  it  should  be  at  least 
one  inch  deep  in  the  silvering  tray,  at  one  end  of  which  is  secured  a  glass  rod 
or  tube  about  an  inch  or  so  in  diameter  (Fig.  126). 

Upon  raising  the  paper  from  the  solution,  suffer  it  to  drag  over  this  rod, 
whereby  an  even  silvering  is  secured,  no  silver  is  wasted,  and  it  dries  in  one-half 
the  time. 

TO    SILVER    THE  PAPEE. 

Take  it  up  by  the  diagonal  corners,  lower  the  middle  slowly  on  the  bath,  and 
finally  lower  the  two  corners;  run  your  fingers  lightly  over  the  back  to  insure 
thorough  contact.  The  corners  may  now  be  raised  alternately,  to  remove  any 
bubbles  that  may  have  formed  beneath.  These  must  be  removed  with  a  glass 
rod.  Should  the  paper  show  any  disposition  to  curl  up  at  the  sides,  it  will  go 
down  again  by  breathing  upon  these  parts.  Allow  the  sheet  to  remain  on  the 
bath  from  one  and  a  half  to  two,  or  even  three,  minutes,  according  to  tempera- 
ture; raise  it  at  one  corner,  and  gradually  lift  the  whole  sheet  from  the  bath  by 
means  of  a  spring  clip,  with  a  hook  attached  to  it- (Fig.  127).    The  paper  is  now 

Fig.  127.  Fig.  128. 


hung  on  a  line  to  dry  (Fig.  128).  At  the  bottom  is  placed  a  strip  of  wood, 
having  a  clip  at  both  ends,  which  prevents  the  paper  from  curling  up  as  it  dries. 
Test  the  bath  from  day  to  day,  and  if  necessary,  strengthen  it  to  its  normal 
strength.    Add  to  it  an  ounce  or  two  of  kaolin,  and  shake  it  thoroughly,  when 
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it  may  be  exposed  to  the  sunlight  until  next  morning;  when  filtered,  it  will  be 
ready.  The  sun  sets  free  organic  matter,  and  the  kaolin  (which  is  perfectly 
insoluble  and  harmless),  by  its  weight  sinks  to  the  bottom,  and  helps  to  carry 
down  the  organic  matter  with  it.  In  a  short  time,  however,  the  bath  turns 
brown,  and  becomes  charged  with  organic  matter,  chiefly  albumen.  The  remedy 
in  this  case  is,  to  boil  the  bath  well  away,  filter  it,  and  dilute  to  its  proper  strength. 
When  the  paper  is  thoroughly  dry — and  not  before — it  is  ready  for 


fumi  n;g. 

Fio.  129. 

The  fuming  box  may  consist  of  a  box  with 
a  cover  (Fig.  129),  inside  of  which  is  a  series 
of  cords  to  support  the  sheets,  which  are  to 
be  taken  two  at  a  time  and  pinned  back  to 
back.  The  bottom  of  this  box  is  perforated 
with  numerous  holes.  (The  sides  of  the  box 
are  here  cut  away  in  order  to  show  the  sheets 
as  they  hang  in  the  box.)  Beneath  this  is  a 
drawer,  in  which  is  placed  a  saucer  to  hold 
two  ounces  of  ammonia  (concentrated  solu- 
tion). The  whole  is  now  closed,  and  the 
paper  allowed  to  fume  for  ten  or  fifteen 
minutes. 

Upon  removing  the  paper  from  the  fuming 
box,  suffer  a  current  of  air  to  dissipate  the 
fumes  from  the  paper  before  putting  it  in  the 
presses. 

THE  PRINT. 

Let  it  not  be  supposed  that  in  order  to  be  a  good  printer,  it  is  only  necessary 
for  you  to  cut  your  paper,  put  it  in  the  frames,  and  see  how  many  prints  you 
can  possibly  get  off  per  day.  Such  a  printer  (!)  is  simply  a  fool.  It  were  far 
better  to  make  twenty  good  prints,  than  two  hundred  indifferent  ones.  An 
indifferent  printer,  like  an  indifferent  operator,  will  spoil  every  print,  never  mind 
how  good  the  negative ;  and  per  contra,  the  best  printer  will  fail  to  produce 
satisfactory  proofs  from  poor  negatives. 
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THE  PRESS 

Should  be  provided  with  a  stout  piece  of  plate  glass, — which  should  be  kept 
very  clean — upon  which  the  negative  is  placed,  in  order  to  protect  it  from  break- 
age. After  the  negative  has  been  carefully  cleaned  on  one  side,  and  carefully 
dusted  on  the  other,  i.  e.,  the  varnished  side,  and  before  putting  it  in  the  press, 
hold  it  up  and  look  at  it.  Stop  to  think  awhile.  Study  the  negative,  and  do  not 
blindly  put  it  out  to  print  without  knowing  what  you  are  about.  A  first-class 
printer  is  in  every  respect  equally  as  valuable  as  a  first-class  operator. 

Be  careful  to  have  the  paper  in  very  close  contact  with  the  negative,  in  order 
to  get  the  best  results.  f  do  not  at  all  approve  of  the  deep  printing  press;  the 
wooden  crossbars  are  continually  in  the  way,  taking  up  much  room  on  the  table 
when  filling;  besides,  the  hinges  are  constantly  getting  out  of  order,  in  conse- 
quence of  the  screws  being  in  the  end  wood  of  the  crossbars.  The  shallow  press 
is  more  easily  handled  in  every  respect. 

It  is  necessary  to  print  darker  than  the  finished  print  is  intended  to  be,  as  it 
is  considerably  reduced  in  the  toning  and  fixing  operations. 

The  paper  should  be  floated  long  enough  to  produce  a  clear  and  even  picture, 
without  any  mottled  appearance  in  the  background ;  it  also  should  be  fumed 
long  enough  to  assume  a  rich  purple  tint,  and  to  be  a  little  bronzed  in  the  deep- 
est shadows. 

The  prints  may  be  made  plain,  vignette,  or  medallion.  As  each  print  is  re- 
moved from  the  press,  it  should  be  carefully  examined,  to  avoid  any  error  that 
may  exhibit  itself ;  specks  or  scratches  on  the  negative  may  then  be  remedied 
before  the  whole  order  is  printed. 

In  printing  vignettes,  it  is  important  that  the  negative  be  gummed  to  the 
plate  glass  of  the  press,  so  as  to  avoid  the  necessity  of  adjustment  for  each 
print.  The  gum  is  best  prepared  as  follows  :  Dissolve  clean  gum  arabic  in  water 
to  the  proper  consistence  desired,  then  add  one-fourth  its  volume  of  alcohol  and 
lump  sugar. 

The  best  kind  of 

VIGNETTE    PRINTING  BOARDS 

Are  made  as  follows :  To  the  front  of  the  printing  frame  are  secured  two  bev- 
elled strips  of  wood,  A  B  (Fig.  130),  three-sixteenths  of  an  inch  thick,  between 
which  slides  a  third  piece,  C,  containing  the  size  of  oval  desired.  Observe,  the 
oval  hole  should  be  cut  larger  on  the  bottom  side  than  on  the  top;  i.e.,  should 
be  bevelled  off  to  allow  of  the  spreading  of  the  sun's  rays.    This  hole  is  covered 
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with  tissue-paper,  and  held  in  its  place  by  the  clamp-screw  D.  Or  the  piece  C 
may  carry  three  similar  strips,  E  F  G,  with  very  large  openings,  between  which 
slide  smaller  pieces,  H,  containing  the  required  sized  ovals.  These  boards 
are  very  simply  constructed, 
adjusted  immediately,  and 
answer  the  purpose  admira- 
bly. The  negative  should 
be  gummed  fast  to  the  pres- 
sure-frame glass  for  vign- 
ettes, when  of  course  it  will 
always  be  in  its  place,  and 
need  no  subsequent  read- 
justment. Considerable  taste 
and  judgment  are  required 
to  print  vignettes  properly. 
The  opening  for  single  heads 
should  invariably  be  ovals, 
as  this  is  perfectly  artistic, 
and  in  nine  cases  out  often, 
for  other  than  single  heads, 
this  is  the  proper  shape  to 
employ. 

In  vignette  printing,  be 
very  careful  that  the  rays  of 
the  sun  fall  perpendicularly 
on  the  frame,  otherwise,  the 
rays  creeping  in  too  much 
on  one  side,  carry  the  shading 
in  that  direction;  nor  must 
the  opening  be  too  near  the 
negative,  as  it  will  print  too 
sharp;  in  both  instances  nothing  can  be  more  painfully  inartistic  than  this. 
We  constantly  see  gross  violation  of  these  rules  to  an  inexcusable  extent. 

1.  The  opening,  instead  of  being  oval,  is  cut  out  in  the  shape  of  the  figure, 
than  which  nothing  can  be  more  repulsive  and  thoroughly  inartistic.  2.  Often 
the  opening  is  cut  out  in  the  shape  of  a  sadiron — and  very  sad  at  that — and  the 
sharp  edge  of  the  opening  only  tends  to  exaggerate  the  evil. 

When  the  picture  is  intended  to  be  printed  vignette,  endeavor  to  have  the 
shoulders  evenly  balanced,  and  not  one  arm  thrown  over  the  back  of  a  chair. 

21 
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Portraits  with  white  drapery  should  not  be  printed  as  vignettes,  without  the 
background  is  rather  dark ;  better  print  them  plain,  or  in  medallion. 

MEDALLION  PRINTING. 

In  printing  the  medallion  style,  now  so  popular,  proceed  as  follows  :  A  piece  of 
silvered  paper  is  exposed  to  the  sun  until  it  is  fully  bronzed ;  this  is  laid  upon  a 
piece  of  glass,  and  a  brass  mat  the  size  and  shape  you  desire  put  over  it^and 
by  means  of  a  sharp  knife  the  oval  is  cut  neatly  out,  care  being  taken  to  pre- 
serve the  piece  cut  out;  this  latter  is  stuck  permanently  in  the  centre  of  a 
suitable-sized  glass.  The  opening  is  now  laid  over  the  negative,  on  the  varnished 
side  of  course.  The  print  is  made  as  usual.  Remove  it  from  the  printing  frame, 
and  cover  the  printed  oval  thus  made  with  the  glass  containing  the  cut-out 
piece,  when  you  may  expose  and  tint  to  any  desired  degree.  If  you  wish  to 
have  a  fine  line  border,  all  you  have  to  do  is  to  shift  the  piece  about  ^  to  of 
an  inch,  in  any  direction,  whilst  laying  it  over  the  printed  oval,  which  by  thus 
covering  an  edge  on  one  side,  and  exposing  an  edge  on  the  other,  preserves  the 
paper  white  on  one  side,  and  over-prints  on  the  opposite  side. 

FANCY   MEDALLION  PRINTING 

Consists  simply  of  placing  the  piece  above  alluded  to  on  a  negative  of  fine 
lines,  curves,  fancy  figures,  &c,  &c,  instead  of  on  plain  glass,  and  when  half 
tinted,  either  shift  this  negative  more  or  less,  or  substitute  another;  many 
curious  designs  can  be  got  up  by  the  ingenious  printer. 

It  is  very  important  that  the  prints  be  cut  out  or  trimmed  before  washing,  in 
order  not  only  to  save  gold  in  the  toning,  but  because  the  toned  silver  paper  is 
scarcely  worth  saving. 

Glasses  are  provided  the  shapes  and  sizes  desired.  The  prints  being  laid  on 
a  piece  of  clean  glass,  are  cut  out  with  a  sharp  knife,  or  by  a  machine  provided 
especially  for  that  purpose. 

Clean  hands,  and  especially  those  not  prone  to  perspiration,  only  should  be 
employed.    The  trimmings  are  of  course  preserved  for  after-reduction. 

WASHING  THE  PRINTS. 

Only  those  parts  of  the  paper,  during  printing,  to  which  the  light  gains  access 
through  the  negative,  are  reduced ;  the  rest  of  the  silver  on  the  paper  would  be 
wholly  lost  were  not  the  proper  means  taken  to  save  it,  namely,  by  washing. 
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The  very  best  washing  tanks  are  good  cedar  tubs,  two  or  three  feet  in 
diameter.  They  are  generally  cleaner,  much  stronger,  rarely  if  ever  leak,  easily 
handled,  cost  much  less  than  square-made  trays,  and  last  ten  times  as  long. 
Care  must  be  taken  that  these  tubs  be  used  for  no  other  purpose. 

Two  of  these  tubs  are  half-filled  with  water.  The  prints  are  now  put,  one  by  one, 
in  the  first  tub,  and  turned  over  in  the  water  several  times,  when  they  may  be 
put,  one  by  one,  in  the  second  tub.  The  water  from  the  first  tub  is  poured  into  a 
large  hogshead  having  a  stop-cock  inserted  at  the  distance  of  one  foot  from  the 
bottom.  The  first  tub  is  again  filled  with  clean  water,  into  which  the  prints  go 
after  a  similar  washing  in  the  second  tub.  After  the  second  and  third  washings 
— the  waters  of  which  are  added  to  the  hogshead — enough  salt  is  added  to  the 
fourth  wash  as  merely  to  taste;  this  is  done  to  turn  the  prints  to  a  cherry-red 
color.  Save  this  wash,  and  wash  the  prints  finally  in  clean  water,  which  may 
afterwards  be  thrown  away. 

When  the  prints  are  all  washed,  about  a  handful  of  salt  is  thrown  into  the 
hogshead  and  thoroughly  stirred.  By  morning,  the  silver  will  all  have  been 
thrown  down  as  chloride  of  silver,  and  the  water,  which  will  be  found  clear, 
must  be  drawn  off  and  thrown  away.  It  is  best  to  test  the  water  before  drawing 
it  off.  Draw  some  off  in  a  glass,  and  if  upon  adding  a  little  salt  no  milkiness 
is  perceived,  you  may  conclude  that  the  silver  is  all  thrown  down.  If  any 
milkiness  manifests  itself,  add  a  little  more  salt  and  let  it  stand  until  it  is  all 
precipitated. 

The  water  dissolves  the  free  nitrate  from  the  paper,  and  where  there  are 
chlorides  present  in  the  water,  the  latter  turns  of  a  milky  color. 

The  fixing  of  the  print  is  identical  with  the  fixing  of  the  negative,  and 
simply  dissolves  out  the  unreduced  chloride  of  silver.  Unfortunately,  this 
operation  not  only  gives  to  the  print  a  dirty,  reddish-brown  color,  but  deprives 
it  of  one  half  of  its  vigor,  in  the  same  manner  as  a  saturated  solution  of  cyanide 
of  potassium  would  reduce  the  vigor  of  a  negative  by  attacking  the  half  tones. 
Therefore,  the  prints  are  subjected  to  an  operation  termed 

TONING   THE  PRINTS. 

Toning  is  a  reduction  of  gold  upon  the  reduced  silver  print.  The  rationale 
is,  that  the  chlorine,  previously  in  combination  with  the  gold,  unites  with  the 
silver  in  the  print,  producing  protochloride  of  silver,  bleaching  the  print  some- 
what— hence,  the  necessity  of  overprinting — and  the  metallic  gold  being  thus 
set  free,  deposits  itself  on  the  silver. 
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The  only  metals  which  can  thus  be  reduced  are  gold  and  platinum.  Platinum 
is  not  so  good  as  gold,  for  it  loses  its  color  in  the  fixing  bath ;  but  in  con- 
junction with  gold  it  is  a  great  improvement,  giving  a  warm  slate  color  inclining 
to  purple,  with  great  brilliancy  in  the  shadows. 

If  a  solution  of  chloride  of  gold  be  made  alkaline  by  the  addition  of  bicarbonate 
of  soda,  in  a  short  time  decomposition  sets  in — being  no  longer  restrained  by 
the  acid — and  metallic  gold  is  precipitated ;  hence,  this  solution  is  always  kept 
in  an  acid  state.  A  toning  bath,  however,  made  of  an  acid  solution  would 
precipitate  the  gold^too  slowly;  consequently,  it  is  necessary  to  neutralize  the 
gold,  and  in  fact  to  make  the  toning  bath  alkaline,  in  order  to  cause  it  to  tone 
with  sufficient  rapidity. 

The  substances  used  to  accelerate  the  reduction  of  gold  in  the  toning  bath 
are  very  various ;  such  as;  acetates,  carbonates,  chlorides,  phosphates,  &c,  of 
soda;  but  they  have  little  or  no  influence  on  the  color  of  the  print,  as  the  color 
is  influenced  by  the  deposit  of  gold  alone.  The  following  are  formulae  for  the 
preparation  of  toning  baths  in  general  use. 

No.  1. 


Water,  64  ounces. 

Chloride  of  Sodium  (salt),  60  grains. 

Acetate  of  Soda,  120  " 

Neutral  Gold,  15  " 


This  bath  may  be  used  over  and  over  a  great  many  times  before  failing,  being 
simply  strengthened,  from  time  to  time,  with  chloride  of  gold  neutralized  with 


bicarbonate  of  soda. 

No.  2. 

Water,  64  ounces. 

Washing  Soda,  sufficient  to  feel  slippery  to  the  fingers. 

Chloride  of  Gold  (neutral),  15  grains. 


The  toning  bath  should  be  prepared  several  hours  before  required  for  use,  in 
order  that  the  gold  may  precipitate  more  readily. 

The  prints  are  put  into  the  toning  bath  a  few  at  a  time.  The  cherry-red 
color  the  prints  have,  when  first  introduced,  will  gradually  begin  to  change,  as 
the  toning  progresses.  The  prints  are  to  be  kept  in  constant  motion,  in  order 
that  the  solution  may  reach  all  parts  of  the  prints,  to  insure  even  toning.  The 
toning  should  manifest  itself  in  about  five  or  six  minutes.  Almost  any  color 
from  red  to  blue-black  can  be  obtained,  according  to  the  length  of  time  the 
prints  are  allowed  to  remain  in  the  toning  bath. 
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After  the  prints  are  toned  to  your  fancy  they  are  to  be  removed  to  a  tub  of 
clean  water — this  stops  the  toning  immediately — and  well  washed,  when  they 
may  be  put  in  the 


FIXING  BATH. 


Hyposulphite  of  Soda,  1  " 

Bicarbonate  of  Soda,  6  grains. 


The  object  of  the  bicarbonate  of  soda  (or  common  chalk  will  answer  as  well), 
is  to  neutralize  any  free  acid  which  might  exist,  for,  any  acidity  in  the 
fixing  bath  tends  to  decompose  the  hyposulphite,  liberating  sulphur,  which, 
forming  sulphide  of  silver,  is  thrown  down  as  a  black  deposit,  and  materially 
affecting  the  tone  of  the  prints.*  The  fixing  solution  must  be  made  fresh  every 
day. 

The  prints  are  now  conveyed  to  a  tank  of  running  water,  where  they  must 
remain  at  least  six  or  seven  hours. 

After  the  prints  are  removed  from  the  fixing 
solution,  the  latter  is  poured  off  in  a  hogshead 
(not  the  one  used  for  the  silver  washings),  and 
the  silver  thrown  down,  with  a  solution  of 
sulphuret  of  potassium,  as  sulphide  of  silver. 
The  clear  water  may  be  drawn  off  in  the 
morning,  after  being  tested;  if  not  clear,  more 
sulphuret  solution  must  be  added. 

THE    WASHING  TANK. 

The  simplest  form  of  washing  tank,  consists 
of  a  large  tank  A  (Fig.  131),  having  a  double 
bottom.  The  upper  bottom  is  perforated  with 
numerous  holes.  The  water  is  suffered  to  enter 
from  a  pipe,  B,  which  turning  at  the  bottom 
of  the  tank,  keeps  the  water  in  a  continually  rotary  motion.  A  syphon,  whose 
bore  is  somewhat  larger  than  that  of  the  supply  pipe,  is  placed  against  the  side 
of  the  tub,  so  as  to  be  out  of  the  way  of  the  revolving  prints — or  it  may  be 
cased  in,  and  placed  in  the  centre;  it  has  its  shorter  leg  reaching  to  within  an  inch 
or  so  of  the  lower  bottom,  and  passing  through  the  upper  bottom,  its  bend  ex- 
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tends  to  within  a  few  inches  of  the  top  of  the  tank.  The  water  being  turned 
on,  keeps  the  prints  in  motion  until  it  reaches  the  bend  of  the  syphon,  which 
commencing  now  to  act,  and  being  larger  than  the  supply  pipe,  empties  the 
tank  rapidly.  It  must  be  evident,  that  when  the  water  sinks  to  the  upper 
bottom,  the  print  will  remain  there,  being  rapidly  washed  over  by  the  supply 
pipe  until  all  the  water  is  drawn  off,  when  the  tank  commences  to  fill  again. 

The  longer  leg  of  the  syphon  is  furnished  with  a  stop-cock  or  regulator,  used 
to  prevent  the  too  rapid  escape  of  the  water;  for,  if  the  bore  be  too  large,  the 
water  would,  upon  reaching  the  bend,  simply  flow  over  as  fast  as  it  was  supplied, 
and  consequently  the  syphon  would  become  of  no  avail.  By  closing  the  regu- 
lator, however,  to  a  proper  size,  just  sufficient  to  allow  the  syphon  to  act,  this 
difficulty  is  avoided. 

When  the  prints  are  taken  from  the  water  they  must  be  laid  one  over  the 
other,  in  separate  piles,  according  to  their  size,  face  uppermost,  so  that  each 
print  may  be  examined,  and  all  unsatisfactory  ones  rejected.  When  this  is  done 
turn  the  mass  face  downwards,  and  gently  press  out  the  surplus  moisture.  They 
are  now  ready  for  mounting. 

MOUNTING. 

The  prints  are  stuck  to  the  mounts  with  starch,  laid  on  with  a  stiff  brush. 
The  starch  is  prepared  as  follows: 

A  china  bowl  is  made  one-fourth  part  full  of  starch,  upon  which  is  poured 
cold  water,  only  sufficient  to  effect  its  dissolution,  when  it  will  appear  as  a  thick 
white  cream.  Upon  this  is  now  poured,  very  gradually,  boiling  water  whilst 
the  starch  is  rapidly  stirred  \  the  starch  will  immediately  commence  to  swell, 
and  will  soon  assume  the  form  of  a  perfectly  smooth,  soft  paste. 

The  starch  is  now  applied  with  a  proper  brush  to  the  uppermost  print,  which 
is  lifted  off,  and  the  next  one  starched,  and  so  on  until  a  dozen  or  more  are 
ready.  The  print  is  now  placed  carefully  on  the  mount,  and  pressed  down  by 
placing  a  clean  piece  of  paper  over  it,  and  rubbing  gently  with  the  hand.  When 
the  prints  are  very  nearly  dry  they  are  ready  for 

THE  PRESS. 

A  number  of  styles  and  sizes  of  which  are  to  be  found  at  the  stockhouses,  best 
suited  for  the  purpose.  All  spots  and  blemishes  being  carefully  retouched  in 
the  mounted  prints,  the  cards  are  rolled;  i.  expressed  through  revolving  rollers, 
or  over  a  bed-plate,  the  latter  being  kept  hot.  Finally,  the  cards  are  waxed 
with  a  paste  prepared  as  follows. 
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ENCAUSTIC  PASTE. 

Into  a  clean  china  mug,  placed  in  boiling  water,  dissofve  white  wax  until  the 
mug  is  one-third  full.  When  dissolved,  add  the  same  volume  of  spirits  of  tur- 
pentine, gradually  stirring  meanwhile.  Finally,  add  essence  of  lemon,  lavender, 
or  cloves,  sufficient  to  remove  any  disagreeable  odor  of  the  turpentine.  When 
cool,  this  forms  a  soft,  pasty  mass,  of  the  consistence  of  stiff  pomatum.  A  little 
is  taken  on  the  end  of  the  finger,  placed  in  the  middle  of  the  print,  and  thoroughly 
rubbed  with  a  tuft  of  cotton,  or  canton  flannel,  the  effect  of  which  is  to  give  to 
the  print  a  brilliant  polish;  the  marks  of  the  retouching  disappear,  and  the 
print  is  protected  from  the  effects  of  the  atmosphere. 

It  is  indisputable  that  a  negative,  which  formerly  yielded  soft,  round  prints, 
will,  after  long  keeping,  grow  more  intense,  the  prints  from  which  will  appear 
harder  and  more  chalky  than  formerly.  This  is  owing  to  an  action  taking 
place,  either  in  the  varnish,  or  a  chemical  change  in  the  silver  itself,  or  both. 

MISCELLANEOUS  HINTS. 

The  cutting  out  of  the  prints  is  a  matter  in  most  cases  which  requires  strict 
attention,  and  considerable  taste.  Remember,  that  for  a  head,  either  plain  or 
vignetted,  somewhat  more  space  must  be  allowed  before  the  head  than  behind  it. 
Observe  the  effect  in  photograph  9,  which  suggests  the  idea  of  a  lady  having 
turned  her  head  for  the  purpose  of  a  hasty  adieu  ;  a  species  of  pressing  forward  or 
onward,  as  it  were;  whereas  photograph  10,  being  from  the  same  negative,  represents 
the  lady  as  in  a  state  of  easy  repose.  In  vignette  and  bust  pictures,  as  a  general 
rule,  the  chin  should  occupy  about  the  middle  of  the  card,  perpendicularly,  as 
shown  in  photograph  12,  and  for  three-fourth  figures  the  chin  should  be  some- 
what above  the  centre,  as  in  photograph  10.  Because  a  print,  mounted  as  in 
photograph  9,  conveys  the  idea  at  once  of  a  short,  stumpy  person ;  whereas, 
mounted  as  in  photograph  10,  the  figure  assumes  a  tall,  graceful,  and  more 
elegant  taille. 

When  a  lady  of  light  complexion  and  hair  sits  in  a  white  jor  a  light  dress, 
avoid  using  a  light  background  and  printing  this  as  a  vignette,  even  if  she  so 
orders  it.    Such  pictures  are  best  printed  plain,  or  in  medallion. 

Children  are  often  placed  on  high-backed,  square-looking  chairs;  thus  the 
subject  of  a  pretty  child  is  totally  ruined  by  the  abominable  horizontal  and 
perpendicular  lines,  and  what  makes  the  matter  worse,  printed  in  vignette. 
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But  my  space  and  time  warn  me  not  to  loiter.  In  that  part  of  this  book 
entitled,  "  Art  as  applied  to  Photography,"  I  have  given  numerous  hints  and 
suggestions ;  these  criticisms  I  might  carry  out  ad  infinitum.  Yery  many  errors 
might  easily  be  avoided  by  a  little  good  taste  and  forethought. 

It  often  happens  that  in  the  proof  of  an  otherwise  excellent  picture,  the  head 
appears  a  little  too  much  on  one  side,  or  perhaps  leans  backwards  or  forwards 
too  much;  a  judicious  mounter  will  avoid  all  this  in  the  cutting  and  mounting. 


PORCELAIN  PRINTING  BY  THE  COLLODIO-CHLORIDE  PROCESS. 

Porcelain  printing  is  done  either  on  the  smooth  or  the  ground  surface  of  the 
plate.  The  manipulations  are  the  same  in  both  cases.  It  is  important  in  order 
to  obtain  the  best  effects — especially  on  the  smooth  side — that  the  plate  be 
perfectly  flat,  as  also  the  negative.  Where  the  porcelain  is  to  be  colored,  and 
taken  on  the  ground  side,  this  is  not  so  essential. 

Where  only  a  few  ground  plates  are  used  the  surface  is  rubbed  over  with  a 
muller  (the  bottom  of  a  small  vial  answers  admirably)  and  finely  ground  pumice- 
stone,  which  may  be  finished  up  with  emery.  Where  a  great  number  of  plates 
are  to  be  ground,  the  following  machine  does  the  work  of  a  day  or  more  in  an 
hour. 

Fig.  133. 


A  strong  box  (Fig.  132)  is  hinged,  or  swung,  between  two  uprights  by  an  iron 
bar,  that  it  may  be  rocked  backwards  and  forwards.   Fig.  133  represents^  the 
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construction  of  the  bottom  of  the  box,  and  the  edge  view  of  the  same.  1,  2,  3, 
4,  5,  6,  and  7  represent  the  plates  of  porcelain  held  down  by  the  side  pieces,  of 
which  the,  centre  piece  is  fastened  or  removed  by  the  clamp-screw.  A  quantity 
of  fine  flint  sand,  together  with  a  lot  of  pebbles,  is  put  on  the  plates,  and  the 
whole  thoroughly  moistened  with  water.  All  being  in  readiness,  the  machine 
is  now  rocked  backwards  and  forwards  for  an  hour  or  so,  the  sand  being  kept 
wet,  when  the  plates  will  be  found  perfectly  ground.  A  plug  to  let  out  the 
water,  when  you  wish  to  remove  the  plates,  is  supplied,  as  you  see. 

In  both  cases  the  plates  are  to  be  albumen ized.  When  the  plate  is  perfectly 
clean,  and  still  damp,  or  well  drained,  flow  with  a  mixture  of  albumen  one  part, 
water  two  parts,  and  set  aside  to  dry.  When  perfectly  dry  the  plate  is  flowed 
with 

COLLODIO-CHLORIDE. 


Alcohol,  • .     1  ounce. 

Ether,  1  « 

Pyroxyline,   10  grains. 

Citric  Acid,  5  11 

Chloride  of  Strontium,or  Calcium,  4  " 

Cryst.  Nitrate  of  Silver,   10  " 


Mix  the  ether  and  alcohol,  and  dissolve  the  cotton  j  put  aside  to  settle  perfectly 
clear.  Dissolve  in  plain  alcohol,  by  the  aid  of  a  glass  pestle  and  mortar,  the 
citric  acid,  and  afterwards  the  chloride,  which  add  to  the  plain  collodion. 
Next,  in  the  dark-room,  finely  pulverize  the  silver  in  the  mortar,  and  grind  it 
very  thoroughly  in  the  collodion.  This  part  must  be  very  faithfully  done,  else 
you  will  lose  your  labor.  The  collodion  must  be  poured  off  and  on  the  silver  a 
great  number  of  times.  Kemcmber,  the  silver  is  not  dissolved  in  the  collodion, 
but  is  precipitated  in  a  very  fine  state  of  division,  forming  an  opaline  emulsion, 
somewhat  of  the  appearance  of  watered  milk.  Very  little,  if  any,  of  the  pre- 
cipitate should  fall  to  the  bottom,  but  should  remain  suspended  in  the  mixture. 
If,  however,  the  precipitate  should  fall  to  the  bottom,  it  is  a  sign  that  the  silver 
was  added  too  hurriedly.  Should  you  not  succeed  in  getting  in  all  the  silver 
by  this  means,  you  must  dissolve  it  in  the  smallest  quantity  of  water,  and  add 
gradually  to  the  collodion. 

Allow  the  collodio-chloride  to  stand  about  a  day  or  two,  when  you  may  coat 
a  plate  of  glass,  and  let  it  dry.  When  dry,  notice  if  any  signs  of  crystallization 
exhibit  themselves;  if  not,  you  arc  all  right.  If,  however,  the  silver  should 
crystallize,  the  collodio-chloride  may  be  diluted  with  a  little  plain  collodion. 

When  ready  the  plate  of  porcelain  may  be  coated,  and  set  aside  to  dry.  When 

dry,  it  may  be  moved  a  few  minutes  over  a  little  aqua  ammonia,  or  the  fuming 

may  be  omitted. 

3  22 
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POKCELAIN  PKINTING  FKAMES 

Are  made  expressly  for  this  work,  a  description  of  which  is  quite  unnecessary 
here ;  or,  in  the  absence  of  such  a  frame,  the  ordinary  printing  frames  answer 
Fig  134  every  purpose.    I  prefer  them  myself, 

as  the  contact  is  altogether  better. 
The  negative  is  fastened  to  the  press- 
glass  with  gum  paper,  and  the  porcelain 
plate  is  hinged  to  the  negative  by  the 
same  means,  thus  allowing  the  printer 
to  watch  his  work.  (The  arrangement 
of  this  can  be  fully  understood  by  con- 
sulting Fig.  134.)  As  in  paper  printing, 
print  rather  deeper  than  required.  When 
finished,  the  plate  is  to  be  washed  for 
fifteen  or  twenty  minutes  under  running 
water,  and  toned  in  any  weak  toning 
bath;  fix  eight  minutes  in  the  ordinary  fixing  bath  for  paper,  and  wash  under 
the  tap  three  or  four  hours. 

THE  FEKKOTYPE. 

The  formulae  for  this  style  of  picture  are  very  nearly  the  same  as  for  negatives. 
Thus: 

COLLODION. 

Iodide  of  Ammonium,   5  grains. 

Iodide  of  Cadmium,   5  " 

Bromide  of  Cadmium,  or  Potassium,   5  " 

Ether,   1  ounce. 

Alcohol,   1  " 

Cotton,  10  to  12  grains. 

Bath,  40  grains,  slightly  acid  with  nitric  acid. 


DEVELOPER. 

Water,   16  ounces. 

Protosulphate  of  Iron,   1  " 

Acetic  Acid,  "  No.  8,"  1$  « 

Fix  in  cyanide  of  potassium  and  water. 
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The  exposure  is  about  one-half  as  long  as  for  negatives,  and  under-developed. 
Some  considerable  experience  is  necessary,  both  in  the  exposure  and  develop- 
ment, especially  the  latter.  When  washed,  after  development,  watch  the  fixing 
carefully,  for  if  the  cyanide  solution  be  strong,  the  plate  must  be  removed  the 
instant  the  iodide  is  dissolved,  otherwise  the  cyanide  will  destroy  the  delicate 
details.  Wash  thoroughly,  and  dry  over  a  spirit-lamp  or  a  gas-stove.  Varnish 
with  a  light-colored  varnish.  Ferrotypes  are  often  colored,  and  dry  colors 
expressly  for  the  purpose  come  in  boxes  Fiu  m  A 

containing,  a  dozen  diiferent  colors, 
together  with  silver  and  gold  powder, 
with  the  necessary  brushes,  and  may 
be  procured  at  any  colortnan's. 

Observe,  that  a  ferrotype  is  an  under- 
exposed negative,  and  if  on  glass  would 
be  called  an  ambrotype;  the  consequence 
is,  the  camera  naturally  reverses  the 
image. 

Though  this  may,  in  most  instances, 
be  unimportant  in  portraiture,  it  is  an 
insuperable  obstacle  in  landscape  and 
architecture.  This  was  the  former  fault 
wTith  all  Daguerreotypes.  The  difficulty  is  now  overcome  by  using  a  prism,  the 
action  of  which  is  such  as  to  reverse  the  image  previous  to  its  passage  through 
the  lens;  see  Fig.  134  A. 


TRANSPARENCIES  FOR  THE  MAGIC  LANTERN. 


Transparencies  for  the  magic  lantern  are  made  in  three  ways,  viz. : 

1.  By  the  copying  camera. 

2.  By  direct  printing  on  dry  plates. 

3.  By  the  collodio-chloride  process. 


BY  THE  COPYING  CAMERA. 

When  the  size  of  the  negative  is  either  too  large  or  too  small  to  suit  the 
lantern,  the  transparency  must  be  made  by  this  method.  Negatives  for  this 
purpose  must  be  made  expressly,  the  same  as  for  the  solar  camera, — thin  collo- 
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dion,  over-exposure,  and  a  developer  containing  rather  more  acid  than  ordi- 
nary. Wash  well  and  dry.  Such  negatives  are  not  to  be  varnished;  they 
should  be  very  thin,  full  of  detail,  excessively  sharp,  and  without  a  trace  of  fog 
or  other  imperfections. 

If  you  have  not  a  copying  camera,  remove  the  lens  and  front  from  an  ordinary 
camera,  and  in  their  place  insert  a  frame  containing  the  inverted  negative,  draw 
out  the  bellowis  the  required  distance,  according  to  the  size  of  the  negative  and 
the  size  you  desire,  and  focus  sharply  through  this  camera  with  a  second  camera, 
using  the  smallest  stop  allowable.  Cover  over  the  space  between  the  cameras 
with  a  thick  cloth,  and  turn  the  whole  to  a  bright  clear  sky.  If  this  cannot  be 
conveniently  done,  suspend  a  large  sheet  of  tissue-paper  at  the  distance  of  three 
or  four  feet  from  the  negative,  and  between  the  latter  and  the  light.  Focus 
excessively  sharp;  use  very  thin  collodion,  and  very  thin  and  perfect  glass, 
entirely  free  from  blebs,  scratches,  &c.  Expose  double  the  time  ordinarily  given 
for  copies,  and  develop  with  an  excess  of  acetic  acid  in  the  developer.  As  soon 
as  the  details  are  thoroughly  out,  wash  copiously  under  the  tap,  and  fix  in  clear 
cyanide  of  potassium.  The  positive  must  be  removed  from  the  cyanide  the 
instant  it  is  perfectly  clear,  and  washed  thoroughly  under  the  tap. 

If  all  the  details  are  out  and  the  positive  too  thin,  tone  it  with  a  few  drops 
of  neutral  chloride  of  gold  in  water;  it  will  soon  turn  of  a  blackish-purple. 

If  all  the  details  are  out  and  the  positive  too  dense,  replace  it  in  the  cyanide 
until  sufficiently  reduced. 

Positives  for  the  lantern  are  protected  by  means  of  another  thin  glass,  instead 
of  varnish. 

BY    DIKECT    PKINTING    ON    DKY  PLATES. 

In  this  case,  the  negative  must  be  made  of  the  proper  size  in  the  first  place. 
Coat  the  plate  with  thin  collodion  and  sensitize  as  usual.  When  sensitized,  wash 
it  well  under  the  tap,  both  back  and  front.  Drain  the  plate  and  flow  with 
common  ale,  very  clearly  filtered ;  drain  this  off  and  flow  a  second  time,  when 
the  plate  must  be  set  aside  to  dry,  or  may  be  dried  at  once  over  a  stove,  with  a 
slow  heat  (it  is  hardly  necessary  to  say  this  is  to  be  done  in  the  dark-room);  a 
number  of  these  plates  may  thus  be  prepared  and  stowed  away  in  dark  boxes. 
When  dry  put  it  in  contact  with  the  negative,  in  a  common  printing  frame, 
expose  thirty  to  sixty  seconds  to  strong  gas  light,  according  to  the  light  and 
negative,  or  expose  three  to  six  seconds  to  diffused  light.  Upon  removing  the 
plate  from  the  press,  wash  it  well  under  the  tap,  that  the  developer  may  flow 
smoothly  over  its  surface. 
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DEVELOPER. 

Pyrogallic  Acid,  12  grains. 

Citric  Acid,  8  " 

Water,  6  ounces. 


Flow  the  plate  several  times  on  and  off  with  this  solution,  until  the  plate  is 
uniformly  wetted ;  next  add  to  this  solution  five  or  six  drops,  more  or  less,  of 
a  forty-grain  silver  solution,  flow  this  off  and  on;  in  about  five  or  six  minutes 
the  picture  will  appear,  and  when  sufficiently  intense,  wash  well  and  dry ; 
preserve  with  another  glass  instead  of  varnishing. 

BY   THE    COLLODIO-CHLORIDE  PROCESS. 

Proceed  the  same  as  for  porcelain  printing,  taking  care  to  fume  well  before 
printing;  tone  with  a  weak  solution  of  chloride  of  gold  and  water. 

COLORING    MAGIC    LANTERN  SLIDES. 

There  is  scarcely  an  instrument  so  generally  employed  as  a  vehicle  of  rational 
amusement,  as  well  as  scientific  instruction,  as  the  magic  lantern. 

The  "show"  indeed  seems,  as  it  were,  engrafted  in  my  earliest  recollections  of 
Christmas  frolics.  The  grotesque  figures,  the  terrific  phantoms,  and  the  magnifi- 
cent processions,  displayed  "all  on  a  white  screen, "  took  too  early  and  vivid  a 
hold  upon  my  fancies  to  be  easily  forgotten,  and  when  I  first  saw  the  phantas- 
magoria, with  its  ghastly  and  changing  heads,  its  prominent  and  apparently 
approaching  horrors,  and  its  dazzling  chromatropes,  how  I  trembled  with  awe, 
and  stood  amazed  with  wonder. 

The  following  (which  I  believe  has  never  been  published,  and  which  is  very 
carefully  secreted  by  the  trade),  may  be  fully  depended  upon,  for  I  have  employed 
these  colors  innumerable  times  with  unqualified  success. 

Use  only  transparent  colors  prepared  in  oil ;  those  in  tubes  being  already  pre- 
pared are  to  be  preferred. 


Red,   Scarlet  Lake. 

Orange,   "  and  Gamboge. 

Yellow,   Gamboge  and  Indiaji  Yellow. 

Blue,   Prussian  Blue. 

Green,   Verdigris. 

Brown,   Burnt  Sienna. 

Black,   Lampblack. 


Press  out  the  desired  quantity  of  color  on  a  white  palette,  or  on  a  glass  plate, 
backed  with  a  sheet  of  white  paper. 
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Previous  to  coloring  the  slide  you  may  varnish  the  picture.  This  gives  a  bet- 
ter tooth  to  the  paint,  and  at  the  same  time  preserves  it  from  injury.  Use  your 
brush  with  thin  turpentine.  When  the  necessary  amount  of  color  is  pressed 
out  on  the  palette,  rub  and  mix  it  well  (with  a  muller)  with  copal  varnish  and 
a  little  oil  of  cloves  or  lavender.  You  will  no  doubt  find  it  necessary  to  use  a 
little  of  what  the  French  call  secatif — i.  e.,  drier.  When  dry  and  hard,  varnish 
again,  with  ^perfectly  clear,  transparent  varnish. 

ON  COPYING. 

For  the  purposes  of  copying,  where  great  exactness  is  required — and  which 
should  always  be  the  case — a  copying  stand  or  board  must  be  provided,  which 

consists  essentially  of  a  board  A  B  (Fig.  135) 
with  two  side  pieces,  or  guides,  between 
which  the  camera  slides.  At  one  end  is 
erected  a  stout  upright  board,  C,  perfectly 
at  right  angles  with  the  base-board.  Upon 
this  slides  a  flat,  square  board,  D,  which  con- 
tains the  picture  to  be  copied,  and  which  may 
be  raised  or  lowered  as  desired,  and  is  kept 
in  its  place  by  means  of  a  clamp  pin.  This  board  is  further  furnished  with  four 
springs  at  the  corners,  to  hold  the  picture.  By  means  of  such  an  arrangement 
the  picture  to  be  copied  must  necessarily  come  precisely  in  the  centre,  and  also 
stand  perfectly  true  as  regards  the  camera— a  point  of  absolute  necessity  for  all 
purposes  of  copying.  The  least  variation  in  the  correctness  and  position  of  the 
card  to  be  copied  tends  to  form  a  distorted  image.  It  is  hardly  necessary  to 
add  that  the  use  of  the  swing-back  is  inadmissible. 

For  copying,  a  rather  old  and  reddish  collodion  is  preferable,  though  it  works 
slow ;  you  must  remember  you  are  not  limited  as  to  time,  as  in  portraiture.  In 
copying  photographs,  the  original  should  be  well  waxed,  retouched,  and  put 
under  heavy  pressure.  Copy  in  diffused  light,  in  order  to  avoid  irregularities  in 
the  paper.  When  you  have  a  wrinkled  and  unmounted  picture  to  copy,  place  it 
first  in  a  tray  of  clean  water,  and  press  it  out  on  a  piece  of  glass  to  dry.  To 
copy  line  engravings  use  diffused  light,  and  give  plenty  of  time,  and  wash 
off  the  developer  the  instant  the  detail  is  all  out.  If  sufficiently  intense,  fix  in 
cyanide  in  preference  to  hypo,  to  avoid  the  clogging  of  the  fine  lines.  If  not 
intense  enough,  redevelop  with  pyro,  and  if  still  too  weak  strengthen  with 
bichloride  of  mercury  and  ammonia. 

To  copy  daguerreotypes  it  is  requisite  that  they  should  first  be  cleaned. 
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TO  CLEAN  A  DAGUERREOTYPE 

Proceed  as  follows:  Dip  the  plate  for  a  few  moments  in  clean  water;  when 
wetted  smoothly,  place  a  piece  of  cyanide  of  potassium,  about  the  size  of  a  small 
marble,  in  a  graduator,  and  fill  up  with  water.  Flow  this  off  and  on  the  plate, 
the  solution  gaining  strength  at  each  application,  until  the  plate  becomes  as 
clean  as  new,  when  it  must  be  washed  well  in  running  water,  and  dried  over  a 
spirit-lamp  or  stove.  The  cyanide  will  only  remove  surface  stains;  scratches 
and  other  blemishes,  which  interfere  with  the  film,  are  of  course  fatal. 

Daguerreotypes  and  ferrotypes  are  best  copied  in  the  sun,  care  being  taken 
that  the  direct  rays  of  the  sun  fall  upon  it.  It  often  happens  that  the  polish  of 
the  daguerreotype  acts  as  a  mirror,  and  reflects  the^tube  of  the  camera,  to  pre- 
vent which  procure  a  piece  of  black  velvet  or  cloth  pasted  on  a  piece  of  card- 
board, large  enough  to  conceal  the  front  of  the  camera,  in  the  centre  of  which 
cut  out  a  circular  opening  just  large  enough  to  admit  the  passage  of  light  from 
the  daguerreotype. 

ON  THE  RECOVERY  OF  SILVER  FROM  THE  WASTES. 

Of  the  silver  used  in  the  photographic  process,  only  about  ten  per  cent,  is 
actually  consumed  in  forming  the  picture;  all  the  rest  would  be  absolutely 
wasted  if  proper  means  were  not  taken  to  recover  it. 

The  very  great  extent  to  which  fraud  is  committed  in  the  reduction  of  gold 
and  silver  residues — aided  and  rendered  easy  by  the  photographer's  lack  of 
knowledge  of  the  first  principles  of  chemistry — has  rendered  it  absolutely 
necessary  that  some  mode  of  estimating  the  amount  of  the  precious  metals  con- 
tained in  his  residues,  be  made  known  to  him. 

For  the  prepared  chemist  this  is  a  few  mi  miles'  work;  for  the  inexperienced 
operator  it  is  anything  but  an  easy  operation.  When,  therefore,  it  is  impractica- 
ble to  reduce  the  wastes  yourself,  and  you  are  compelled  to  send  it  to  a  chemist, 
it  were  well  for  you  to  know  about  how  much  returns  you  have  a  right  to  expect. 
This  is  a  matter  of  a  few  moments.  Weigh  out  very  accurately  15  grains  of 
the  residue,  and  add  to  it  15  grains  of  a  mixture  (in  equal  weights)  of  carbon- 
ate of  soda  and  cyanide  of  potassium.  Scoop  out  a  cavity  in  a  piece  of  willow 
charcoal  sufficiently  large  to  hold  the  mixture,  and  direct  the  flame  of  a  mouth 
blowpipe  upon  it.  In  a  few  moments  it  glows,  melts,  bubbles,  and  presently  a 
globule  of  silver  will  be  seen  dancing  in  the  glowing  cavity — the  whole  opera- 
tion of  reduction  occupying  only  five  minutes!  Allow  it  to  cool,  wash  the  silver 
from  any  adhering  flux  and  weigh  it  very  carefully,  when  the  precise  amount  of 
silver  in  the  residue  can  of  course  be  easily  ascertained. 
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No  matter  what  the  residue  may  consist  of,  the  flux,  in  this  operation,  must 
always  be  the  same,  viz.,  equal  parts  by  weight  of  carbonate  of  soda  and  cyan- 
ide of  potassium. 

SILVEK  FROM  THE  DEVELOPER. 

The  silver  from  the  developer  is  thrown  down  as  a  black  powder,  in  the 
act  of  developing,  and  can  be  all  saved  as  described  on  another  page.  This  black 
mud  consists  of  a  mixture  of  metallic  silver  and  iron.  When  sufficient  has 
been  accumulated,  it  is  carefully  swept  from  the  tank  and  put  in  a  large  filter, 
on  a  funnel,  and  suffered  to  drain  thoroughly,  after  which  it  may  be  spread  out 
to  dry. 

THE  WASHINGS  FROM   THE  PRINTS, 

Being  preserved  in  the  large  barrel,  are  treated,  after  each  day's  work,  with 
a  saturated  solution  of  common  salt,  when  it  immediately  turns  milky  from  the 
formation  of  chloride  of  silver.  The  addition  of  the  salt  solution  must  be  made 
gradually,  and  constantly  stirred,  to  enable  all  parts  of  the  liquid  to  mix 
thoroughly  with  it.  Also,  very  great  care  must  be  exercised  not  to  add  too 
much  salt,  otherwise  there  will  be  formed  what  is  known  as  the  double  chloride 
of  sodium  and  silver,  which,  being  soluble  in  water,  would  be  lost.  The  chloride 
of  silver  thus  formed,  being  insoluble  in  water,  is  precipitated  to  the  bottom  of 
the  barrel.  In  the  morning  the  solution  will  be  found  perfectly  clear,  and  must 
be  drawn  off  by  a  stop-cock  placed  about  ten  or  twelve  inches  from  the  bottom 
of  the  barrel. 

Sometimes  the  water  will  refuse  to  clear,  and  obstinately  continue  milky  and 
unsettled.  When  this  is  the  case  proceed  as  follows :  Into  a  common  pail  put 
about  a  double  handful  of  unslacked  lime ;  sprinkle  it  with  water  until  thoroughly 
wetted.  In  a  short  time  it  will  begin  to  swell  and  crumble,  with  the  evolution 
of  steam.  Add  a  little  more  water  from  time  to  time,  and  in  about  fifteen  or 
twenty  minutes  the  lime  will  entirely  crumble  into  powder.  It  is  now  said  to 
be  slacked,  when  it  may  be  dissolved  in  sufficient  water  to  give  the  mass  the 
consistency  of  very  thick  whitewash.  A  pint  of  this  is  added  to  the  barrel  of 
silver  washings,  and  thoroughly  stirred,  and  in  the  morning  the  chloride  of 
silver  will  have  precipitated.  A  tumblerful  of  a  strong  solution  of  sulphuret  of 
potassium  may  also  be  added  with  the  lime. 

In  the  morning  dip  a  tumblerful  of  the  greenish-white  solution  from  the 
barrel,  and  pour  into  it  a  weak  solution  of  the  sulphuret  of  potassium.    If  the 
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sulphuret  has  only  the  effect  of  coloring  it  still  more,  the  water  may  be  drawn 
off;  but  if  the  sulphuret  precipitates  in  a  dense  black  cloud,  the  solution  con- 
tains silver,  and  more  sulphuret  must  be  added  to  the  barrel;  this  is  not  at  all 
likely  to  be  the  case,  however.  When  enough  precipitate  has  accumulated,  dry 
it  on  a  filter,  as  stated  for  the  developer. 

The  hypo  solution  of  the  negatives  is  thrown  into  a  separate  barrel,  con- 
taining the  hypo  from  the  prints;  this  is  to  be  thrown  down  by  adding  every 
day  a  solution  of  sulphuret  of  potassium.  A  black  precipitate  forms,  which  is 
sulphide  of  silver.  It  is  far  better  to  use  two  barrels  for  this  purpose,  precipi- 
tating every  day  in  one  barrel  for  a  week,  and  using  the  second  barrel  for  the 
next  week.  The  reason  of  this  is  that  it  takes  several  days'  rest  before  the 
water  becomes  perfectly  clear,  when  it  may  be  drawn  off,  and  the  black  pre- 
cipitate treated  as  described  for  the  other  solutions. 


WASTE  FROM  THE   TONING  BATH. 


When  the  toning  bath  is  overworked,  and  refuses  to  give  satisfactory  results,  it 
is  to  be  placed  in  a  large  jar,  made  in  the  shape  indicated  in  Fig.  136.  Such  vessels 
are  made  expressly  for  the  purpose,  because  this  form  is  such  as  to  f  m 
prevent  any  of  the  gold  salts  from  sticking  to  the  sides  of  the  vessel 
(which  should  be  of  about  three  gallons  capacity).  When  the  jar  is 
full,  it  is  placed  in  a  warm  room  near  the  stove,  and  a  solution  of  four 
ounces  of  protosulphate  of  iron,  in  sixteen  ounces  of  water,  added 
and  thoroughly  stirred,  when  the  gold  will  be  thrown  down  as  a  dark 
purple  powder.  When  the  water  is  perfectly  clear,  it  may  be  drawn 
off  with  a  syphon,  or  carefully  decanted,  and  then  the  jar  may  again 
be  filled  with  old  toning  baths.  The  clippings  from  toned  paper  are  not  worth 
saving. 

CLIPPINGS,  FILTERS,  &c. 

The  clippings  from  untoncd  prints,  old  filters,  pads  at  the  backs  of  the  nega- 
tive, and  in  fact  all  papers  used  to  save  the  drippings,  must  be  carefully 
preserved.  A  sufficiency  having  accumulated,  moisten  them  well  with  a  strong 
solution  of  nitrate  of  potash,  and  when  dry  they  are  to  be  burned  in  a  grate  or 
clean  stove.  This  treatment  causes  the  paper  to  burn,  not  only  with  greater 
intensity,  but  with  less  flame,  and  consequently  less  ashes  are  carried  up  the 
chimney.  The  papers  are  to  be  added,  little  by  little,  to  the  grate.  Be  careful 
not  to  fill  the  grate  too  full ;  better  let  the  ashes  fall  through  in  the  pan,  and 
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then  add  more  paper ;  be  careful  also  that  the  draft  be  not  too  strong,  or  the 
ashes  may  be  carried  up  the  chimney,  and  consequently  lost.  When  all  the 
paper  is  consumed,  the  ashes  must  have  a  whitish-gray  color;  the  whiter  the 
ashes  the  more  silver  they  contain.  In  this  operation  it  often  happens  that 
little  globules  of  silver  (metallic)  exhibit  themselves. 

OF   THE   TREATMENT   OF   THESE  RESIDUES. 

Reduction  of  Gold  from  the  Toning  Baths. — After  drawing  off  the  water,  dry 
the  black,  purplish  powder,  which  consists  of  a  mixture  of  metallic  gold  and 
iron,  with  some  oxide  of  iron.  When  dry,  expose  the  powder  in  an  iron 
vessel  (a  large  cast  iron  shovel  will  answer)  to  a  bright  red  heat,  when 
the  whole  of  the  iron  is  converted  by  this  means  into  the  sesquioxide. 
Allow  the  mixture  to  become  perfectly  cold,  when  it  will  appear  as  a  dark 
red  powder.  This  is  put  into  an  evaporating  dish,  and  hydrochloric  acid 
added.  The  acid  used  need  not  be  chemically  pure,  but  care  must  be  taken 
that  it  contain  no  free  chlorine,  as  that  would  dissolve  the  gold,  thus  causing  con- 
siderable loss.  To  test  the  acid  for  free  chlorine,  proceed  as  follows :  Pour  a 
little  in  a  watch-glass,  or  on  the  hollow  bottom  of  a  tumbler,  into  which  put 
some  pieces  of  pure  gold  leaf.  If  the  gold  disappears  the  acid  must  be  rejected. 
If  no  better  can  be  immediately  procured,  make  a  mixture  of  sulphuric  acid  1 
part,  and  water  2  parts,  and  use  instead  of  the  hydrochloric.  This  mixture  is, 
however,  very  much  inferior  to  the  latter. 

Now,  heat  the  mixture  very  gently,  stirring  the  while.  The  iron  will  imme- 
diately commence  to  dissolve,  and  when  all  seething  has  ceased,  dilute  with  any 
amount  of  water,  and  filter.  Wash  thoroughly  the  remaining  black  powder, 
say  ten  or  twelve  times,  with  water,  and  the  result  is  pure  metallic  gold. 

Reduction  of  Chloride  of  Silver. — The  application  of  heat  to  liquefy  a  substance 
is  termed  fusion,  and  any  substance,  usually  of  a  saline  character,  mixed  with 
the  compound  to  accelerate  its  reduction,  is  termed  a  flux. 

Chloride  of  silver,  as  you  are  aware,  consists  of  metallic  silver  combined  with 
chlorine,  forming  a  white  powder — the  chloride  in  question.  The  chlorine,  be- 
ing very  firmly  united  to  the  silver,  can  only  be  separated  by  adding  another 
substance  for  which  the  chlorine  has  a  greater  affinity.  This  substance  is  car- 
bonate of  soda,  or  potash.  It  has  been  known  from  the  earliest  times  that  the 
largest  yields  in  reducing  are  obtained  by  bringing  the  fluxes,  as  well  as  the 
compounds,  to  the  finest  possible  state  of  powder,  and  the  most  intimate  mix- 
ture.   In  this  case  use  a  large  iron  pestle  and  mortar.    Carbonate  of  potash  is 
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preferable  to  that  of  soda,  as  it  gives  a  liquid  flow  at  a  comparatively  low  tem- 
perature, and  on  this  account  it  possesses  the  power  of  holding  in  suspension  a 
large  quantity  of  insoluble  matter,  as  earth,  charcoal,  &c.    Make  a  flux  of 

Carbonate  of  Potash,  16  ounces. 

Resin,  2  " 

The  dry  chloride  is  now  thoroughly  mixed  with  half  its  weight  of  the  flux, 
and  tightly  packed  in  a  Hessian  crucible  (so  called  from  its  place  of  manufac- 
ture), of  about  ten  ounces  capacity,  until  it  is  three-fourths  full;  upon  the  surface 
strew  a  thin  layer  of  common  salt.  The  cover  is  now  put  on,  and  the  crucible 
put  in  a  very  hot  fire,  with  a  powerful  draft.  Care  must  be  taken  that  no  ex- 
traneous drafts  reach  the  crucible  whilst  the  latter  is  hot,  as  they  would  be  sure 
to  crack  it.  After  it  has  been  kept  at  a  white  heat  for  about  half  an  hour,  the 
reduction  will  be  complete.  To  ascertain  this  lift  off  the  cover,  and  if  the  fused 
mass  answers  to  the  following  tests  the  operation  may  be  considered  as  complete: 

1.  It  must  be  perfectly  liquid,  and  almost  at  a  white  heat. 

2.  When  stirred  with  a  stout  iron  wire  it  must  feel  liquid,  and  not  as  if  full  of 
sand  or  grit.. 

3.  On  dipping  the  wire  to  the  bottom  of  the  crucible  the  fused  silver  can 
be  felt  by  its  resistance,  and  by  a  rumbling  feeling  in  the  wire. 

If  these  tests  are  all  satisfactorily  answered,  leave  the  crucible  undisturbed  to 
cool,  and  when  perfectly  so,  break  it  open  with  a  hammer;  the  silver  will  be 
found  at  the  bottom,  in  a  lump. 

Reduction  of  Paper  Ashes. 

Flux. — Carbonate  of  Potash,  24  ounces. 

"  Soda,   6  " 

Chloride  of  Sodium,  2  » 

To  be  mixed  with  the  ashes,  weight  for  weight,  and  fused  the  same  as  for 
chloride  of  silver. 

When  paper  ashes  are  reduced  in  this  manner,  the  flux  is  very  liable  to  become 
stiff  or  thick.  In  this  case  throw  into  the  crucible  a  lump  of  nitrate  of  potash 
about  the  size  of  a  marble.    By  so  doing  some  of  the  impurities  are  burned  out. 

The  Reduction  of  Sulphide  of  Silver  is  the  most  difficult  of  all  the  compounds 
of  silver.  The  sulphide  of  silver  is  placed  in  an  iron  pan,  and  exposed  to  a  brisk 
heat,  either  in  the  open  air  or  in  a  fireplace  with  a  good  draft,  as  thick  vapors 
of  sulphur  are  generated  during  this  process.  This  is  termed  "roasting."  When 
this  reaches  a  red  heat,  and  has  fused  into  a  smooth,  even  glass,  all  vapor  must 
cease,  and  the  pan  be  allowed  to  cool. 


180 


THE  SKYLIGHT  AND   THE  DARK-ROOM. 


Now  mix  fourteen  parts  of  the  sulphide  to  sixteen  of  the  following  flux  : 

Carbonate  of  Potash,  15  ounces. 

«        "  Soda,  10  " 

The  crucible  is  only  half  filled  with  the  finely-powdered  mixture  of  sulphide 
and  flux,  as  it  seethes  very  violently  when  exposed  to  a  red  heat.  The  result 
of  the  reduction  is  pure  metallic  silver  and  sulphuret  of  potash. 

The  Reduction  of  the  Developer  Waste, — The  black  mass  should  be  mixed  with 
the  following  flux : 

Carbonate  of  Potash,  10  ounces. 

Nitrate  of  Potash,  2  " 

And  treated  the  same  as  for  sulphide. 


ART,  AS  APPLIED  TO  PHOTOGRAPHY. 

The  word  art,  from  the  Latin  ars,  literally  means  skill,  dexterity,  cunning, 
&c;  hence  we  have  artificial,  i.  e.,  made  by  art,  skilfully,  not  naturally.  The 
word  artist,  then,  is  applied  to  one  skilled  in  any  of  the  arts. 

Though  the  term  artist  is  applied  with  equal  propriety  to  the  musician,  the 
actor,  the  reader,  painter,  sculptor,  &c,  &c,  still,  in  the  common  acceptance  of 
the  term,  art  applies  chiefly  to  painting,  drawing,  and  sculpture. 

No  words  of  mine,  indeed,  can  make  you  an  artist,  any  more  than  my  pre- 
senting you  with  a  violin  and  telling  you  the  names  of  the  strings  can  make 
you  an  accomplished  musician.  To  achieve  this  greatly  desired  end  two  things 
are  requisite — first,  this  very  skill,  dexterity,  &c.  &c,  t.  e.,  talent  and  ability; 
and  second,  assiduous  and  faithful  practice. 

The  musician  may,  of  course,  compose  his  piece  of  music  (tune  if  you  will) 
upon  any  theme  or  subject  that  pleases  him  best,  but  he  cannot  do  this  artisti- 
cally except  he  conform  to  certain  rules,  or  laws,  which  have  been  established  by 
a  general  standard,  or  fully  recognized  authority.    His  piece  of  music  may  sound 
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all  right  to  the  uneducated  ear,  but  if  in  the  notation  thereof,  that  is,  in  writing 
it  on  paper,  he  violates  these  rules,  it  cannot  but  make  the  judicious  grieve. 

Mr.  Speaker  writes  his  poem,  and  delivers  it  with  feeling  and  expression; 
but  if,  upon  applying  for  a  copy  of  the  manuscript,  we  find  half  the  words 
spelled  wrong,  and  most  of  the  sentiments  ungrammatically  expressed,  we  can- 
not but  feel  the  great  need  of  a  series  of  standard  rules  which  may  not  be 
violated  with  impunity.  It  is  so  with  the  position,  and  the  composition  of  a 
picture.  The  application  of  such  a  series  of  rules  cannot  but  prove  to  your 
greatest  advantage. 

BALANCE  OP  LINES. 

The  Triangle,  the  Circle,  the  Square. — If  in  drawing  the  picture  of  a  ladder  (see 
Fig.  137),  it  is  our  intention  to  convey  the  idea  of  its  falling  to  the  ground,  the 
picture  is  complete  in  itself,  as  it  is  the  nature  of  an  unsupported  diagonal  line 

Fio.  138. 


to  convey  the  idea  of  falling.  But  if  we  introduce  the  figure  of  the  man  (see 
Fig.  138),  he  forms  what  is  called  in  composition  a  balance  line,  which  removes 
at  once  the  impression  that  the  ladder  is  about  to  fall.  And  in  introducing  the 
figure  of  the  man,  we  form  at  once  a  triangle.  Pl0. 

In  the  figure  of  a  triangle,  the  centre  of  gravity,  C  (Fig. 
139),  is  so  low,  and  the  base  so  broad,  that  in  attempting 
to  turn  it  over,  nearly  its  entire  weight  must  be  raised. 
Hence  we  see  the  firmness  of  the  pyramid  in  theory,  and 
experience  proves  the  truth.  Buildings  are  found  to  with- 
stand the  effects  of  time,  and  the  commotion  of  earthquakes, 
in  proportion  as  the}'  approach  this  figure.    The  most  ancient  monuments  of 
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the  art  of  building  now  standing — the  Pyramids  of  Egypt — are  of  this  form. 
The  supported  diagonal  line  A  B  (Fig.  140)  forms  in  this  figure  but  a  variation 
from  the  last  one.  Now,  a  picture  composed  and  carried  out  after  these  models 
is  said  to  be  complete  in  its  balance  of  lines. 


Fig.  141. 


A 

\ 

'  A  /  E 

!          \  C 
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c                      '  B 

Suppose  D  B  (Fig.  141)  to  be  a  plane  upon  which  the  wheel  B  moves.  The 
centre  of  gravity  being  of  course  at  B,  must  continue  to  move  on  the  upper 
line  ABC.  A  plumb  line  F,  then,  will  show  that  whatever  direction  the  wheel 
takes,  this  centre  of  gravity  must  always  be  in  the  same  position.  Thus,  this 
figure  (the  circle)  presents  no  appearance  of  weakness  nor  falling.  A  picture, 
then,  composed  after  this  form,  will  appear  to  preserve  its  balance  complete. 

Now,  upon  examining  the  ancient  pictures  of  great  masters,  we  find  them 
designed  chiefly  upon  the  forms  of  the  triangle,  the  diagonal,  and  the  circle,  and 
never  of  the  square  nor  the  parallelogram.  Knowing  then  from  experience, 
that  the  unsupported  diagonal  line  conveys  the  idea  of  falling,  or  of  moving 


forwards  or  backwards,  advantage  is  taken  of  this  to  convey  to  the  mind  the 
intention  of  the  picture.  Thus,  in  the  examples  in  Fig.  142,  the  lines  A  B  and 
CD,  having  no  supporting  lines,  give  the  impression  that  the  cart  and  hay  must 
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inevitably  topple  over,  whilst  the  boy  is  evidently  running  forward,  consequently 
the  supporting  line,  in  many  compositions,  is  purposely  found  wanting.  Thus, 
in  Thorwaldsen's  "  Night,"  the  emblem  Night  is  reinforced  by  the  owl,  whilst 
Sleep  and  Death  repose  in  her  arms  (see  Fig.  143).    Here  is  plainly  seen  the 


Fig.  143. 


intention  of  the  artist  to  have  the  figure  appear  as  floating  forward.  The 
square  and  the  parallelogram  necessarily  introduce  horizontal  and  perpendicular 
linos,  neither  of  which  has  the  graceful  and  varying  lines  found  in  the  triangle 
and  circle. 

PERSPECTIVE. 

When  a  series  of  objects  of  similar  size  and  form  (a  row  of  books,  for  exam- 
ple, see  Fig.  144)  is  placed  one  behind  the  other,  the  books  appear  to  diminish 
in  size  as  they  appear  to  recede  from  the  eye,  and  the  lines  ABC,  which  in 
nature  would  be  parallel,  seem  approaching  each  other  as  they  appear  to  recede. 
Hence  pictures,  the  position  of  whose  objects  take  up  the  form  of  the  diagonal 
line,  tend  at  once  to  convey  the  idea  of  distance. 
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Let  ABCD  (Fig.  145,  1st  example)  represent  a  door.  This,  then,  is  com- 
posed "  on  the  square!"1  The  absence  of  all  diagonal  lines  precludes  at  once  any 
idea  of  distance,  all  parts  of  the  door  appearing  to  be  equally  situated  from  the 
eye  of  the  spectator;  but  in  the  second  example  the  diagonal  lines  A  C,  B  D, 
convey  to  the  mind  the  sense  of  distance :  thus,  the  side  C  D  appears  to  be  fur- 
ther removed  from  the  eye  than  the  side  A  B.  In  the  third  example  this  im- 
pression is  still  more  manifest;  this  apparent  distance  increases  until  we  no 


longer  see  the  side  0  D,  when  the  door  will  appear  as  if  its  edge  were  towards 
us.  This  in  drawing  is  called  'perspective,  which  means  the  art  of  representing 
on  a  plane  surface,  objects  as  they  appear  relatively  to  the  eye,  in  nature. 

Eeferring  again  to  the  figures  of  the  doors,  we  will  notice  that  the  lines  A  C 
and  B  D  grow  shorter  and  shorter  from  Fig.  1  to  Fig.  4,  where  they  almost  dis- 
appear. This  decreasing  in  the  length  of  a  line  is  called  foreshortening,  and  its 
application  to  portraiture  is  invaluable. 

For  an  example  to  illustrate  this,  I  have  drawn  six  elegant  and  remarkably 
neat  little  designs,  ABCDEF,  Fig.  146. 

Let  ABCDEF  represent  a  block  of  wood  placed  in  six  different  positions. 
Notice  the  effects  of  these  different  points  of  observation.  In  each  and  every 
one  some  one  feature  is  entirely  changed,  thus : 

A  has  a  long  nose,  one  eye,  short  mouth,  and  an  elevated  pipe,  w.hich  does  not 
touch  the  line  of  his  mouth. 

B  has  a  shorter  nose,  one  eye  and  a  half,  a  longer  mouth,  a  level  pipe,  which 
does  touch  the  line  of  his  mouth. 

C  has  a  flat  nose,  two  eyes,  immensely  wide  mouth,  and  a  depressed  pipe. 

Looking  down  on  D,  we  see  the  top  of  his  head  j  he  appears  to  have  an  acute 
nose,  a  laughing  mouth,  as  if  enjoying  his  pipe. 
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Looking  at  E  from  a  lower  point  of  view,  we  do  not  see  so  much  of  the  top  of 
his  head.  He  has  a  square  nose,  a  less  laughing  mouth,  whilst  looking  up  at  F, 
we  no  longer  see  the  top  of  his  head;  he  has  an  obtuse  nose,  and  a  mouth  that 
plainly  indicates  that  his  pipe  has  made  him  sick,  whilst  also  the  bottom  of  the 
block  becomes  visible. 


Fig.  146. 


Thus,  then,  by  placing  your  camera  to  the  right,  to  the  left,  by  pointing 
downward  or  by  pointing  upward,  innumerable  effects  are  easily  produced.  Ap- 
plying this  to  the  human  face  divine,  you  will  see  at  once  the  power  you  have  to 
ameliorate  defects. 


CONTRAST. 


Fio.  147. 


By  contrast  (from  the  Latin  contra,  sto)  we  mean,  to  place  in  opposition.  Thus, 
white  and  black,  contrast  of  color;  tall  and  short,  large  and  small,  contrast  in 
magnitude;  old  and  young,  loud  and  low,  &c,  &c. 

Now,  all  these  contrasts  are  a  natural  consequence  of  color,  size,  age,  sound, 
&c. ;  but  there  is  another  contrast,  different  from  all  these,  namely  ,light  and 
shade.  This  contrast  is  obtained  in  nature  by  the  method  of  lighting  the  ob- 
ject, and  in  art  by  the  method  of  shading  the  drawing. 

Let  ABC  (Fig.  147)  represent  three  circles.  A,  having  no  shading,  conveys 
the  idea  of  a  flat 
disk,  the  narrow 
shadow  tending  still 
more  to  carry  out 
the  impression.  B, 
by  means  of  the 
broader shading  and 
breadth  of  the  sha- 
dow, appears  rounder,  whilst  C,  with  its  perfect  shading  and  full  shadow,  appears 
as  a  ball.    This,  then,  is  one  effect  of  shading. 

24 


186 


THE  SKYLIGHT  AND   THE  DARK-ROOM. 


The  blocks  ABC  (Fig.  148)  are  supposed  to  be  illuminated  by  the  candle  D. 
Each  receives  light  at  a  different  angle,  consequently  a  different  kind  of  shadow 
is  produced.  Now,  although  each  of  these  figures  is  drawn  perspectively  alike, 
yet  observe  what  a  wonderful  effect  is  produced  by  the  direction  of  the  light. 
Whereas  A  appears  broad  and  flat,  C  appears  perfectly  round  and  much  narrower, 


Fig.  148. 


and  as  before  stated,  these  figures  being  drawn  exactly  alike  in  shape  and  size, 
the  great  change  of  shape  (as  regards  flatness  and  rotundity)  is  due  entirely  to 
the  management  of  the  light. 

Thus,  a  very  beautiful  face  taken  in  a  full  front  light,  becomes  flat  and  stupid. 
Taken  with  a  strong  top  light,  becomes  cross,  sour,  and  at  times  absolutely  bru- 
tal, owing  to  the  deep  shadows  under  the  eyes  (which  appear  fierce  and  sunken). 
The  shadows  under  the  nose  and  chin  render  those  features  too  prominent. 

D  K  AW  BACKS  OF  THE  CAMEKA. 

If  the  camera  produced  the  image  exactly  as  it  appears  in  nature,  the  artist's 
work  would  be  easy  indeed.  Unfortunately,  three  drawbacks  of  a  very  serious 
nature  present  themselves,  viz  : 

1.  The  camera  fails  to  produce  the  colors,  and  consequently  fails  to  produce 
the  contrasts  formed  by  those  colors. 

2.  The  camera  produces  its  contrasts  of  light  and  shade  more  violent  than  they 
are  beheld  by  the  eye  of  the  artist. 

3.  The  camera  produces  distortions  which  do  not  exist  in  the  original. 
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Example  under  the  First  Drawback. — A  young  lady  with  blue  eyes,  turned  to- 
wards the  light;  with  light  red  hair  and  a  light  blue  dress,  is  placed  before  a 
graduated  background,  the  upper  half  of  which  is  quite  dark,  whilst  the  lower 
half  is  nearly  white. 

Now  let  us  look  at  the  picture  on  the  ground  glass.  The  image  is  perfect; 
fine  blue  eyes,  the  light  red  hair,  boldly  relieved,  contrasts  well  with  the  dark 
background,  whilst  the  blue  dress  is  clearly  and  brilliantly  relieved  in  the  lighter 
portion  of  the  background.    Nothing  can  be  finer;  let  us  make  a  negative. 

Behold  the  result !  Eyes,  she  has  none !  Her  light  red  hair  is  almost  black, 
without  a  trace  of  relief  on  the  dark  portion  of  the  background,  whilst  her 
bright  blue  dress — now  quite  white — has  melted  away  in  the  whiter  portion  of 
the  background. 

Example  under  the  Second  Drawback. — The  artist  has  posed  and  lighted  his 
model;  the  contrasts  of  light  and  shade  on  the  face  are,  to  him,  artistically  cor- 
rect. Observe  your  negative.  All  your  contrasts  are  stronger  and  more  violent. 
What  in  the  model  was  a  dark,  transparent  shadow,  is,  in  your  proof,  a  perfectly 
black  mass. 

Example  under  the  Third  Drawback. — A  fair  young  girl,  with  freckles,  and  with 
her  hands  stretched  out  in  front.  The  proof:  a  face  with  ten  freckles  for  every 
one  in  the  original,  and  all  of  these  greatly  exaggerated,  whilst  her  delicate  little 
hands,  now  in  the  proof,  convince  us  at  once  that  she  is  a  professional  pugilist. 

Fio.  149. 

EXAMPLES  OF  DISTORTION 
OF   THE  CAMERA. 

Let  three  spheres,  ABC  (Fig.  149) 
be  photographed  through  the  lens  O, 
on  the  plate  S  S.  It  will  be  observed 
that  the  lines  from  the  outer  edges  of 
the  spheres,  through  the  lens,  form  im- 
ages c  b  a,  of  vastly  different  widths, 
the  outer  images  c  and  a  being  nearly  one- 
half  as  wide  again  as  the  middle  one,  b. 

CURIOUS  EFFECTS  OF  DISTANCE  OF  A  LENS.' 

Problem: — Given,  a  certain  cube  to  be  photographed,  with  a  lens  placed  six 
feet  from  the  object,  the  image  on  the  ground  glass  to  be  just  one  inch  in  diam- 
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eter;  and  with  another  lens  placed  twelve  feet  from  the  object,  to  produce  the 
same  sized  image.    Which  lens  shall  we  use  ? 

As  a  rule,  all  conditions  being  equal,  a  short-focus  lens  will  work  in  quicker 
time  than  a  long-focus  lens,  but  it  will  not  produce  the  same  results. 

Let  A  (Fig.  150)  represent  a  cube,  with  one  of  its  angles  presented  to  a  lens 
at  B ;  with  such  a  lens  the  image  will  be  of  the  same  size  on  the  ground  glass 
C  D.  Now,  take  a  lens  of  double  the  focal  length  E,  which  produces  an  image 
on  the  ground  glass  F  Gr,  also  of  the  same  size.  Although  both  images  are  pre- 
cisely of  the  same  size  as  regards  width,  yet  the  proportion  represented  between 
L  M,  on  a  line  with  the  angle  O,  taken  with  the  lens  B,  is  vastly  different  from 

that  represented  between  I  K,  on  a  line  with 

Fio.  150.  r  ' 

the  same  angle  J,  taken  with  lens  E.  In 
the  former  case  the  proof  appears  more  in  a 
lozenge  shape  with  its  narrow  angle  towards 
us,  whilst  in  the  latter  case  the  proof  ap- 
proaches nearer  the  shape  of  the  original. 

Again,  let  A'  be  a  globe  taken  with  the 
same  lens  at  B'.  Now,  owing  to  the  shape 
of  A,  the  lens  cannot  "see  around  it"  to  its 
transverse  diameter,  and  only  a  narrow  view 
is  taken  on  the  ground  glass  C  D,  occupying 
the  space  1/  O'  W  included  between  the  lines 
L'M',  giving  the  image  an  oval  appearance, 
as  shown  by  the  dotted  line.  But  when  we 
remove  the  lens,  and  substitute  the  lens  E', 


we  get  a  wider  view;  i.  e.,  the  lens  "sees 
further  around,"  and  on  the  ground  glass 
F  G  we  get  an  image  included  between  the 
lines  T  K'. 

When  this  is  applied  to  photography,  the 
face  necessarily  must  suffer  some  modification,  but  of  course  nothing  like  the 
grossly  exaggerated  examples  in  Figs.  151  and  152. 


IMPEKFECTIONS  OF   THE  HUMAN  FACE. 


Every  face  has,  artistically  speaking,  two  sides  and  several  views.  The  fol- 
lowing, with  some  exceptions  are,  as  a  general  rule,  safe  to  follow : 

The  Hair. — With  gentlemen,  as  a  general  thing,  the  hair  is  parted  on  a  side, 
and  that  side  is  usually  preferred,  if  there  be  no  reason  for  doing  the  reverse. 
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Often  the  head  is  rather  bald  towards  the  beginning  of  the  parting;  in  such 
cases  perhaps  the  opposite  side  would  be  preferable. 

Light  hair  and  red  hair  should  be  powdered  for  ladies,  and  relieved  on  a  dark 
ground.  Yery  black  hair  may  be  judiciously  powdered,  to  prevent  the  total 
loss  of  detail  in  the  print. 

The  Forehead. — In  cases  of  a  too  high  forehead,  the  latter  may  be  foreshort- 
ened by  raising  the  camera. 

The  Eyes. — Blue  and  light  eyes  should,  as  a  general  rule,  be  turned  from  the 
light.  Deeply-sunken  eyes  require  considerable  front,  and  very  little  top  light. 
Where  the  eye  is  defective,  you  will  of  course  turn  that  side  away  from  the 
camera,  as  much  as  is  necessary  to  lose  sight  of  the  defect;  or  you  may,  if  better, 
take  a  profile.  Where  one  eye  is  smaller  than  the  other,  it  is  generally  prefer- 
able to  take  the  larger  one.  Where  one  eye  is  higher  than  the  other,  if  no  other 
objection  offer,  take  the  higher  eye.  In  the  case  of  small  and  partially  closed 
eyes,  make  them  look  upwards;  or,  if  desired  that  the  portrait  look  at  you, 
depress  the  chin  a  little.    For  very  large  and  staring  eyes,  make  them  look  lower. 

In  a  full  face  the  eyes  may  look  straight  forward,  being  careful  to  turn  the 
body  to  one  side  more  or  less;  never  have  the  chest  and  head  presented  per- 
fectly full  to  the  camera. 

The  direction  of  the  eyes  is  important.  Never  allow  the  head  to  turn  in  one 
direction,  and  the  eyes  in  the  opposite;  nothing  can  be  worse  than  this.  If  the 
head  be  turned  to  the  right,  make  the  eyes  turn  a  trifle  more  so  in  this  direc- 
tion; when  the  head  turns  to  the  left,  turn  the  eyes  also  a  trifle  more  in  the 
same  direction. 

In  the  case  of  shortsighted  persons  wearing  spectacles,  and  who  insist  upon 
them  in  the  picture,  beware  of  false  reflections  in  the  eyes,  as  also  refraction  on 
the  side  of  the  cheek  bone  seen  through  the  glass.  Be  provided  with  a  selection 
of  frames ;  i.  e.,  spectacles  without  the  glasses. 

You  will  be  somewhat  amazed,  perhaps,  when  you  come  to  take  a  person  with 
blue  glasses,  for  the  eyes,  which  in  the  original  are  invisible,  will  be  perfectly 
brought  out  in  the  proof. 

The  Nose. — It  is  rare  that  the  nose  is  perfectly  straight.  If  it  turn  toward 
the  left  or  right,  the  two  sides  of  the  face  will  be  materially  different.  If 
the  nose  be  twisted  toward  the  left,  and  a  view  taken  of  that  side,  it  will 
shorten  the  nose  apparently,  whereas  the  opposite  result  takes  place  from  the 
other  side.  Advantage  may  be  taken  of  this  in  the  cases  of  very  long  or 
very  short  noses.  If  the  nose  be  very  long,  take  the  face  rather  full;  or  if  in  a 
seven-eighths  view,  allow  the  nose  to  project  slightly  beyond  the  line  of  the 
cheek.    In  the  case  of  a  "turned  up"  nose,  raise  your  camera  as  high  as 
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necessary,  to  avoid  looking  up  the  nostrils.  With  a  round  and  rather  flat,  fat 
nose,  better  take  it  pretty  well  from  one  side. 

The  Cheeks. — For  high  cheek  bones,  with  hollow  cheeks,  beware  of  too  strong- 
top  light,  and  take  the  face  rather  full,  well  lighting  up  the  cheeks.  Possibly 
a  profile  would  be  better.  Should  one  cheek  be  swollen,  perhaps  it  would  be 
better  to  avoid  that  side;  if  not  practicable,  the  cheek  might  rest  on  the  hand. 
Old  and  wrinkled  faces  require  a  strong  front  light,  without  much  shadow,  and 
are  generally  best  taken  on  or  near  the  full. 

The  Mouth. — Small  and  narrow  mouths  may  be  taken  rather  full  j  pursue  the 
opposite  course  with  large,  fat  mouths.  Open  mouths,  with  large  protruding 
teeth,  cannot  be  shut  without  giving  a  compressed  look;  therefore,  in  such 
cases,  we  must  make  a  judicious  use  of  the  hand,  a  fan,  a  flower,  &c.  This  is 
always  a  difficulty. 

The  Hands. — The  introduction  of  the  hands  in  a  portrait  is  rather  a  dangerous 
experiment.  Beware  of  thrusting  the  hands  and  arms  too  prominently  forward, 
thus  calling  attention  to  them  rather  than  to  the  face.  Eemember,  the  face  is 
the  chief  object  in  portraiture;  you  must  so  vary  and  modify  the  light  as  to 
ameliorate,  as  far  as  may  be,  all  defects.  All  pictures,  and  especially  pho- 
tographs, in  which  large  hands  and  bare  arms  and  neck  are  introduced,  and 
made  too  prominent,  are  simply  vulgar,  and  should  be  avoided  by  every  one  of 
taste.  The  arms  and  hands  should  be  rather  retired,  both  in  position  and  in, 
tone,  very  much  more  so  than  the  face,  to  which  they  ought  to  be  subservient. 
If  the  hands  and  arms  must  come  in,  endeavor  to  turn  the  edge  of  the  hand 
towards  the  camera,  and  avoid  leaning  the  arms  too  heavily  against  any- 
thing which  will  distort  their  natural  form  into  uncouth  lines  or  flattened 
swellings. 

BRILLIANCY. 

If  you  desire  that  your  picture  shall  be  brilliant,  you  must  so  arrange  the 
light  as  to  produce  this  effect.  If  you  desire  softness,  let  the  light  show  this 
on  the  face.  It  is  a  mistaken  notion  that  the  quantity  of  the  light  enhances  the 
hardness  of  the  picture.  It  is  just  the  reverse.  The  nearer  you  approach  the 
glass,  i.  e.,  the  light,  the  more  brilliant  the  picture  will  be.  This  in  no  way 
makes  it  any  harder.  Therefore,  if  you  retire  from  the  glass  and  desire  softness, 
throw  more  light  on  the  sitter,  and  not  the  reverse.  Distance  from  a  weak  or 
high  light,  generally  ends  in  hard  pictures.  If  your  sitter  be  too  uniformly 
lighted,  you  may,  by  under-exposure,  increase  the  contrasts ;  but  do  not  look  to 
your  chemicals  to  make  it  a  brilliant  picture.  The  brilliancy  must  exist  in  the 
first  place,  on  the  ground  glass,  and  then  the  chemicals  will,  with  proper  manip- 
ulation, do  the  rest. 
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RELIEF. 

As  regards  relief  in  a  portrait,  do  not  run  into  extremes.  Too  much  of  this 
is  inartistic,  in  the  same  way  that  too  many  gaudy  and  brilliant  colors  is  vulgar. 
Sir  Joshua  Eeynolds  says  :  "  This  favorite  quality,  which  De  Piles  and  all  the 
critics  have  considered  a  requisite  of  the  greatest  importance,  was  not  one  of 
those  objects  which  much  engaged  the  attention  of  Titian.  Painters  of  inferior 
rank  have  far  exceeded  him  in  producing  this  effect.  This  was  a  great  object 
of  attention  when  art  was  in  its  infant  state,  as  it  is  at  present  with  the  vulgar 
and  ignorant,  who  feel  the  highest  satisfaction  in  seeing  a  figure  which,  as  they 
say,  looks  as  if  they  could  walk  around  it.  But  however  low  I  may  rate  this 
pleasure  of  deception,  I  should  not  oppose  it,  did  it  not  oppose  itself  to  a  quality 
of  a  much  higher  kind,  by  counteracting  entirely  that  fulness  of  manner  which 
is  so  difficult  to  express  in  words,  but  Avhich  is  found  in  perfection  in  the  best 
works  of  Correggio,  and  we  may  add,  of  Eembrandt." 

Mr.  Euskin  remarks :  "  This  solidity,  or  projection,  is  the  sign  and  the  evi- 
dence of  the  vilest  and  lowest  mechanism  which  art  can  be  insulted  by  giving 
name  to." 

I  would  not  have  you  think,  by  the  foregoing  quotations,  that  you  are  not  to 
strive  for  and  attain  any  relief  in  the  picture;  on  the  contrary,  a  certain  amount 
of  relief  is  necessary  to  produce  roundness  and  body  to  the  work,  as  a  certain 
amount  of  contrast  is  necessary.  But  do  not  overdo  it.  Violent  contrasts  in 
light  and  shade  produce  harshness;  violent  contrasts  in  colors  are  inartistic  and 
vulgar;  and  too  much  appearance  of  relief  produces  a  hardness,  as  if  the  picture 
were  cut  out  of  wood  or  marble.  The  nearer  the  sitter  is  to  the  glass,  the  more 
solid  will  be  the  effect;  retiring  from  the  glass  produces  more  the  appearance 
of  bas-relief  than  rotundity.  The  amount  of  light  has  nothing  whatever  to  do 
with  it. 

An  artist,  who  knows  nothing  whatever  of  photography,  experiences  much 
difficulty  in  the  skylight,  for  after  having  lit  his  model,  which  to  him  is  artisti- 
cally correct,  he  is  disgusted  with  the  proof,  as  his  shadows  generally  come  out 
much  too  black.  But  let  him  pose,  and  the  photographer  light  the  subject,  and 
he  will  be  surprised  to  see  his  model,  which  he  thinks  lit  perfectly  flat  and  with- 
out sufficient  shadow  or  contrast,  yield  a  perfectly  artistic  picture  in  the  proof. 
Here,  again,  is  an  instance  of  the  untruthfulness  of  photography.  Be  careful, 
then,  not  to  overlook  the  well-known  fact,  that  contrasts  which  look  well 
and  artistic  to  the  eye,  are  very  much  more  violent  when  taken  by  the 
camera. 
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POSITION. 

You  must  not  think  that  because  a  lady  is  "serpentined"  out  of  all  shape, 
and  her  head  nearly  twisted  off  her  neck,  with  her  eyes  like  a  duck  in  a  thunder- 
storm, that  this  is  artistic,  graceful,  fawn-like.  &c,  because  it  is  not.  The  mo- 
ment the  figure  approaches  an  exaggerated  strain,  it  becomes  a  caricature.  If 
the  body  incline  to  the  left,  let  the  head  take  the  opposite  direction,  but  do  not 
overdo  it.  The  best  school  for  positions  is  to  buy  pictures  and  photographs  by 
the  best  artists,  study  them,  copy  them,  and  improve  upon  them,  if  you  can ! 
If  parties  come  into  your  gallery  and  desire  to  be  taken  in  a" group,  take  my 
advice — don't  take  them!  A  mother  and  child  may  do  well  enough,  but  two 
grown  people,  who  ought  to  know  better,  is  an  abomination.  It  is  very  far  bet- 
ter to  take  one  head  well,  than  two  badly.  The  reason  why  actresses  take  well 
as  a  general  thing  is,  that  they  dress  well,  allow  the  artist  to  operate,  never 
interfere,  and  finally,  act  the  position  and  expression. 

THE  DRAPERY. 

Upon  this  subject  I  might  write  a  volume;  the  remaining  space  allotted  to 
me  here,  however,  entirely  prevents  my  saying  more  than  a  very  few  words  on 
this  subject. 

It  is  imperative,  as  near  as  may  be,  that  the  drapery  should  in  every  instance 
give  some  idea  of  what  it  conceals.  With  the  modern  hoop-skirt,  in  standing 
positions  of  course  this  cannot  be  done,  but  the  greatest  attention  should  be 
paid  to  see  that  the  folds  fall  naturally  and  gracefully.  When  we  perceive  in  a 
picture,  that  either  in  the  arrangement  of  the  drapery,  by  jerking  or  pulling 
the  folds  here  or  there,  or  by  adding  to  the  position,  an  exact  pyramidal  figure 
is  produced,  the  picture  becomes  at  once  painful  and  inartistic.  A  shawl  or 
other  piece  of  drapery,  used  to  cover  any  portion  of  the  shoulders  or  arms, 
must  not  be  thrown  on  any  fashion.  A  motive  must  be  plainly  visible  as  to  the 
intention  desired  to  represent.  I  may,  perhaps,  give  much  better  ideas  of  "what 
to  do,  and  what  not  to  do,"  by  referring  to  some  photographs  made  expressly 
for  this  purpose.  Not  one  but  has  its  faults.  The  errors  in  one  are  cor- 
rected in  the  second,  whose  errors  are  again  corrected  in  the  third,  and  so  on. 

Commencing,  then,  with  photographs  Nos.  5  and  6.  The  drapery  is  very  bad 
in  both  cases,  especially  in  the  manner  in  which  it  draws  down  on  the  right  arm. 
The  long  crease  in  No.  5,  from  the  shoulder  all  the  way  down  to  the  table,  is 
particularly  bad.  The  elbow-bone,  in  both  of  these,  seems  ready  to  burst  open 
the  sleeve. 
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Now,  by  lowering  the  shoulder  in  No.  5  (which  is  unnaturally  high,  and  is 
corrected  in  No.  6),  the  drapery  woul  have  been  loosened,  and  at  the  same  time 
the  attitude  greatly  improved.  The  arms  from  the  elbows,  and  the  hands,  in 
No.  5,  are  nicely  managed,  inasmuch  as  there  does  not  appear  to  be  any  attempt 
nor  strain  to  conceal  the  latter.  The  moment  the  picture  reveals  an  attempt, 
or  an  unnatural  arrangement  to  conceal  any  fault  or  defect,  then  this  attempt 
becomes,  in  its  turn,  a  greater  fault.  An  ounce  of  prevention,  in  these  cases,  is 
certainly  worth  a  ton  of  cure. 

The  hair  has  been  very  badly  powdered,  the  powder  being  plastered  on  the 
front  and  top  of  her  head,  chiefly,  and  not  at  all  on  the  side  from  which  the 
light  comes.  The  curls,  not  having  been  powdered,  appear  perfectly  black, 
without  a  trace  of  detail. 

The  head  in  No.  5,  you  will  notice,  is  turned  towards  the  right,  and  the  eyes 
are  also  turned,  though  a  trifle  more  so,  in  the  same  direction.  This  is  in 
accordance  with  what  I  have  stated  should  be  done. 

Now  I  come  to  a  very  important  photo  graphical  part,  and  that  is,  in  regard 
to  lighting  white,  or  nearly  white  drapery.  The  drapery  being  white  or  light 
blue,  "takes"  very  much  more  rapidly  than  the  other  portions  of  the  subject; 
the  consequence  of  which  is,  nine  times  out  of  ten,  that  the  drapery  is  over- 
exposed before  the  face  is  fully  out.  How  is  this  to  be  avoided?  Can  it  be 
avoided  ?  Certainly. 

It  is  avoided  completely  in  No.  6,  which  is  the  same  dress  as  No.  5.  One  is 
almost  black,  as  compared  with  the  other,  and  yet  exactly  the  same  amount  of 
light  was  used  in  both  instances. 

In  No.  5  the  full  light  was  allowed  to  fall  upon  the  face,  consequently  the 
dress  was  overdone  before  the  face.  This  was  unfortunate  enough  in  the  first 
place,  but  the  negative  was  "  strengthened  "  afterwards,  and  that  did  the  busi- 
ness— completely  ruining  the  drapery  and  the  negative  generally,  making  the 
face  "  hard  "  as  if  made  of  plaster,  instead  of  soft  flesh.  The  extra  deposit  took 
place  faster  and  denser  on  the  drapery  than  on  the  other  parts  of  the  negative. 
All  this,  as  you  see,  is  avoided  in  No.  6.    How  ? 

By  turning  that  part  of  the  dress,  which  would  be  most  conspicuous  in  the 
picture,  not  only  from  the  light,  but  also  reflecting  black  rays  against  it,  by  means 
of  a  black  reflector.  Behold  the  difference  !  Always  shut  off  light  from  white 
drapery,  and  on  the  shadow  side  place  a  black  reflector. 

The  expression  in  No.  5  is  spoiled  by  the  mouth,  the  lips  being  thick  and 
not  sufficiently  closed.  The  error  of  the  mouth  is  partially  corrected  in  No.  6, 
by  resting  the  cheek  on  the  hand  in  such  a  way  that  the  latter  somewhat  con- 
ceals the  mouth.    The  expression  is  much  improved,  it  is  true,  but  had  the  eyes 
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been  turned  more  towards  the  right,  as  before  explained,  the  picture  would  have 
been  far  better. 

Now  we  have  corrected  the  mouth  by  the  hand;  but  what  have  we  done  with 
the  hand  ?  We  have  simply  borrowed  of  Peter  to  pay  Paul.  The  hand  is  very 
badly  managed.  In  the  first  place,  the  fingers  are  stiff  and  unnatural,  and  the 
flat  of  the  hand,  instead  of  the  edge,  is  turned  full  towards  the  camera.  Had 
the  chin  been  allowed  to  partly  conceal  the  hand  at  the  same  time,  the  arrange- 
ment would  have  been  better. 

Again,  the  ear  in  No.  5  shows  too  prominently,  and  has  a  bad  effect.  A  little 
of  the  hair  might  have  been  easily  made  to  cover  a  portion  of  it;  this  is  done 
in  No.  6,  where  it  was  scarcely  needed. 

With  most  of  our  rural  friends  who  attempt  the  "Rembrandt  effects,"  the 
highlights  are  snow-white,  and  put  the  paper  upon  which  they  are  printed  to 
the  blush,  whilst  the  shadows  are  perfectly  black.  This  is  defective  lighting 
occasionally,  and  poor  chemicals  generally.  The  bath  is  perhaps  too  strong,  or 
the  collodion  woi'ks  too  hard. 

You  will  observe  that  in  No.  6  the  strength  of  the  light  may  be  known  by 
the  shadow  of  the  ruffle  on  the  bosom,  in  contact  with  the  strong  highlight  on 
both  sides  of  the  shadow;  yet  the  face  and  hand  are  beautifully  soft  and  round, 
and  the  shadows  fully  worked  out. 

Let  us  now  pass  on  to  Nos.  7  and  8.  The  pose  in  both  is  the  same,  viz.,  bad, 
very.  Although  it  is  by  no  means  improper  to  have  one  shoulder  higher  than 
the  other,  the  head  and  some  drapery  must  come  to  the  rescue.  As  a  general 
rule,  the  head  must  be  turned  towards  the  highest  shoulder. 

The  error  here  (No.  7)  is,  that  the  right  shoulder  is  too  high,  and  the  head, 
although  turned  in  the  right  direction,  should  have  been  made  to  look  down- 
ward instead  of  upward;  the  contrast  would  have  been  much  finer.  I  have 
stated  that  where  one  eye  is  higher  than  the  other,  and  no  further  objection 
offers,  it  were  better  to  have  the  higher  eye  towards  the  camera,  and  lower  the 
face  a  little  on  this  side. 

This  is  done  in  No.  7.  The  eyes  appear  perfectly  level ;  but  in  the  full  face 
(No.  8)  the  defect  becomes  painfully  apparent,  the  turn  of  the  head  being  the 
chief  cause  of  this. 

Again,  I  have  stated  that  when  the  nose  is  round  and  flattened,  it  should  be 
turned  to  one  side.  This  is  done  in  No.  7,  and  not  in  No.  8.  The  effect  is  too 
marked  to  need  further  comment. 

The  lighting  of  No.  7  is  particularly  bad,  there  not  being  sufficient  contrast. 
The  error  is  remedied  in  No.  12,  where  on  the  contrary,  the  shadow  might  have 
been  a  little  lighter. 
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Observe  that  the  wrinkle  or  crease  in  Nos.  7  and  8,  to  the  right  of  the  nose, 
is  left  with  its  full  depth,  whilst  that  on  the  left  is  entirely  obliterated  by 
the  retouching,  the  consequence  of  which,  especially  in  No.  8,  is  to  cause  one 
side  of  the  face  (the  left)  to  look  very  much  larger  than  the  other. 

The  worst  outrage  I  think  I  ever  did  see  (and  I  have  seen  some),  is  the  sleeve 
in  No.  7.  It  is  plastered  across  the  girl's  waist  like  a  sheet  of  tin ;  the  form  of 
the  arm  is  scarcely  discernible  at  the  extreme  right  of  the  sleeve.  Now,  this 
sleeve  being  white,  makes  a  great  glaring  patch  in  the  centre  of  the  picture,  in 
the  first  place,  and  gives  no  motive  or  idea  of  an  arm  beneath,  in  the  second 
place. 

How  are  we  to  get  rid  of  this  white  patch  ?  By  covering  it  with  the  proper 
drapery.  Well,  it  is  covered,  sure  enough,  in  No.  8;  but  what  style  of  covering 
do  you  call  this?  It  is  simply  horrible,  for  three  reasons:  1.  It  is  not  of  the 
proper  material.  2.  It  raises  the  right  shoulder  still  higher,  which  is  already 
too  high.  3.  It  has  no  motive,  no  design,  accomplishes  nothing.  It  gives  no 
idea  of  folds,  or  of  the  arm  underneath,  and  is,  upon  the  whole,  rather  worse 
than  the  tin  sleeve  in  No.  7.  A  trifle  more  highlight  in  No.  7  would  not  have 
been  amiss.  Finally,  the  two  backgrounds  could  have  changed  places  with  ad- 
vantage to  both  figures. 

The  powdering  of  the  hair  (which  in  No.  5  is  very  bad),  is  not  much  better  in 
Nos.  7  and  8. 

Under  the  head  of  "  Mounting  "  I  have  alluded  to  the  evil  effects  of  mounting 
the  card  too  much  to  one  side,  or  too  high  or  too  low.  .Rather  more  space 
should  be  allowed  in  front  of  the  face  than  at  the  back.  By  referring  to  No.  9, 
the  evil  effect  of  violating  this  rule  is  painfully  apparent,  giving  the  lady  the 
appearance  of  being  about  to  walk  off  the  card.  Again,  this  style  of  mount- 
ing too  low,  conveys  the  impression  of  a  very  short  and  stout  lady.  By  refer- 
ring to  No.  10,  you  will  see  that,  on  the  contrary,  the  lady  is  rather  tall  and 
slender ;  yet  both  are  from  the  same  negative  I 

The  attempt  to  conceal  the  hand  is  only  too  plainly  visible.  The  hand  might 
have  well  been  left  on  top  of  the  support,  in  full  view,  for  it  would  have  pre- 
sented the  edge  to  the  camera,  in  the  first  place,  and  would  have  helped  out  the 
line  of  the  sleeve  in  the  second  place.  As  it  is,  it  appears  to  have  been  cut  off. 
As  a  general  rule  then,  especially  in  a  three-quarter  or  a  full  figure,  a  little  more 
space  must  be  allowed  in  front  of  the  figure,  provided  always  there  is  no  other 
objection. 

With  a  head  and  bust,  or  a  vignette,  a  very  little  more  space  must  be  allowed 
in  front  of  the  face,  and  the  chin  should  occupy  about  the  centre  of  the  card.  (See 
No.  12.) 
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In  No.  11  the  attempt  and  perfect  strain  to  hide  the  left  hand  is  deplorable. 
The  hiding  of  the  hand  should  not  appear  intentional.  In  No.  11  the  right 
hand  is  not  only  closed  tightly,  but  the  flat  is  turned  full  to  view,  instead 
of  the  edge,  which  makes  it  look  like  the  fist  of  a  prizefighter  awaiting  the  call 
of  "  time."  The  pressing  of  the  right  arm  against  the  left  has  so  mashed  it 
out  of  all  shape,  that  it  looks  like  the  arm  of  a  stout  old  washerwoman,  more 
than  that  of  a  young  girl  of  sixteen  or  eighteen.  Here  the  tin  sleeve,  which  is 
purposely  taken  off,  would  have  come  in  to  some  advantage. 

The  pose  in  both  Nos.  10  and  11  is  easy  and  natural.  The  curl  to  the  right 
in  No.  10  should  not  have  been  allowed  to  stick  out  in  this  stiff  manner. 

You  will  no  doubt  remember  I  said,  that  when  the  head  is  turned  to  the  right 
or  left,  you  should  be  careful  to  let  the  eyes  take  the  same  direction,  turning 
them  a  trifle  more  so.  One  never  turns  his  head  to  the  right  to  look  at  any- 
thing on  his  left.  The  horrible  effect  of  such  an  arrangement  is  well  shown  in 
No.  12,  where  the  eyes  seem  twisted  almost  out  of  the  gentleman's  head. 

At  times,  for  the  sake  of  a  nez  retrousse,  the  chin  may  be  lowered  a  little,  and 
the  eyes  slightly  raised  (see  Nos.  9  and  10),  but  the  reverse  of  this  is  simply 
monstrous,  where  the  chin  is  slightly  raised  and  the  eyes  cast  down  a  little. 

As  a  general  rule,  relieve  the  lighter  portions  of  the  face  on  the  darker  por- 
tion of  the  background.  This  rule  is  frequently  disregarded  by  good  artists, 
(see  No.  12)  where  there  is  already  sufficient  relief  without  resorting  to  this 
method. 

Never  let  your  faces  be  as  white  as  the  shirts  or  the  white  draperies  (see  No. 
12).    Eemember,  the  skin  is  much  darker  than  the  shirt. 
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SOMETHING  ABOUT  WE,  US,  OURSELVES  &  CO. 

From  the  moment  the  sitter  enters  the  studio,  bear  well  in  mind  that  you 
are — or  ought  to  be — master  of  the  situation,  not  he.  Examine  your  sitter, 
"reckon  him  up"  quickly,  do  not  hesitate,  make  up  your  mind  what  you  are 
going  to  do,  and  do  it.  Endeavor  to  make  an  appointment  with  each  sitter,  and 
keep  it  yourself.  Find  out  what  he  wants,  and  allot  him  the  necessary  time 
accordingly.  In  case  of  gentlemen,  tell  them  to  avoid  light  blue,  and  lavender 
or  lilac  cravats,  white  coats,  &c.  In  the  case  of  ladies,  advise  with  them  as  to 
the  most  suitable  style  of  dress,  the  best  side  to  dress  their  hair,  &c,  &c. 

It  is  a  capital  plan  to  furnish  your  sitters,  when  they  make  the  appointment, 
with  a  neat  little  brochure  (in  style  similar  to  "The  Photographer  to  his 
Patrons"),  in  which  you  may  give  the  rules  of  your  establishment,  and  all 
necessary  directions  which  may,  in  the  main,  be  easily  carried  out. 

There  is  a  certain  class  who  come  rushing  in  in  a  hurry,  and  want  to  be  taken 
at  once,  as  they  have  only  a  few  minutes  to  catch  the  train  or  steamboat.  Show 
them  respectfully  the  door.  They  are  either  ignorant  asses,  or  else  they  mean  to 
insult  you.  Advise  them  quietly  to  come  again  some  other  day  wheu  they  are 
not  in  a  hurry.  Their  hurry  hurries  you,  and  you  can  do  nothing  well  in  a  hurry. 
Moreover,  it  very  materially  affects  the  expression,  and  the  expression  is  the 
very  keystone  to  success. 

We  have  to  put  up  with  all  the  whims,  fancies,  conceit,  stupidity,  and  vul- 
garity of  sitters,  especially  la — females.  (I  had  nearly  written  ladies.)  Keep 
your  temper,  boys,  whatever  you  do.  It  is  hard,  very,  at  times,  I  know;  but 
remember,  "More  flies  are  caught  with  molasses  than  with  vinegar." 

To  some,  sitting  for  a  photograph  is  "fun for  others,  they  would  prefer  the 
dentist's  chair,  so  they  say.  "We  need  be  most  gentlemanly,  of  good  address, 
amusing  withal,  and  of  unexceptional  temper. 
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A  lady  of  doubtful  age  comes  up  with  a  card  in  her  hand  of  a  young  girl  of 
sixteen,  or  thereabouts.  "There,"  she  says,  "I  want  to  be  taken  like  that!" 
Now,  if  you  take  her  like  "that,"  you  will  commit  a  blunder,  which  is  worse 
than  a  crime.  Try  to  explain  to  her  that  the  position  and  light  which  are  suit- 
able for  one  person  might  be  altogether  unfit  for  another;  in  fact,  make  her 
think  that  she  is  having  her  own  way,  but  be  sure  to  have  yours. 

Robertson  gives  an  anecdote  of  Bernard  Lens,  who  was  executing  a  picture 
of  a  lady  in  the  dress  of  Mary,  Queen  of  Scots.  The  lady  objected  to  the 
picture  on  the  ground  that  he  had  not  made  her  look  like  Mary,  Queen  of  Scots. 
"No,  madam,"  was  the  reply,  "if  God  Almighty  had  made  your  ladyship  like 
her,  I  would."    The  same  may  be  said  on  behalf  of  the  lenses  of  the  present  day. 

Many  can  sit  stiller  without  that  "  machine,"  i.  e.,  the  headrest.  You  know 
that,  of  course  (!).  Tell  them  that  the  rest  is  not  to  make  them  sit  still,  but  simply 
to  retain  the  head  in  the  position  in  which  you  have  to  place  it.  One  feels  so 
stiff,  unnatural,  awkward,  &c.  Answer  immediately,  that  is  just  what  you  want 
and  expect;  you  do  not  care  a  button  for  their  feelings,  since  you  are  not  going 
to  photograph  them,,  and  he  may  rest  assured  that  the  more  awkward  he  feels, 
the  better  he  appears. 

We  are  often  told,  "  If  I  don't  feel  comfortable,  I  know  I  cannot  look  so." 
This  is  a  great  mistake,  for  if  every  one  looks  graceful  and  artistic  when  he 
feels  comfortable,  what  would  become  of  the  artists  ?  We  would  hire  a  boy  for 
two  or  three  dollars  to  take  the  pictures,  the  sitter  making  his  own  position. 
No,  indeed,  the  most  critical  part  of  the  whole  affair  is  posing  and  lighting  the 
sitter. 

A  little  drollery  and  humor  on  your  part  goes  a  great  way,  and  will  accom- 
plish wonders.  I  have  been  a  "  phunny  phellow  "  ever  since  I  have  been  in  the 
business.  If  your  sitter  sits  still,  and  has  a  good  expression,  and  upon  devel- 
oping the  negative  you  find  you  have  committed  a  blunder,  rush  out  of  the  dark- 
room and  tell  him,  with  a  bold  face,  that  he  moved!  You  must  never  be  in  the 
wrong ;  it  must  always  be  his  fault. 

If,  for  some  reason,  the  exposure  must  be  unusually  long,  keep  talking  to  the 
sitter  all  the  while  on  some  amusing  topic,  else  he  will  be  sure  to  change  his 
expression  for  one  denoting  weariness;  keep  up  the  excitement  until  you  are 
entirely  through  with  him,  when  you  may  do  it  all  over  for  the  next  comer. 

Do  not  work  in  a  hurry.  Let  your  movements  be  quick  and  steady;  keep 
cool.  If  you  have  made  one  or  two  negatives  of  a  sitter  which  are  not  satis- 
factory, and  the  fault  or  misfortune  be  your  own,  do  not  dismiss  him  because 
others  are  waiting.  Eemember,  this  does  not  save  time,  for  he  will  assuredly 
return  and  sit  over,  or  go  elsewhere,  which  is  worse. 
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The  sitter  not  unfrequently  brings  two  or  three  of  his  friends,  who  want  to 
assist  (!)  at  the  posing.  Now,  you  must  insist,  positively,  that  no  one  be  allowed 
in  the  studio  except  the  sitter.  This  is  all-important  ;  but  should  you,  by  some 
miserable  mischance,  not  be  able" to  accomplish  this,  and  the  friends  should  all 
understand  the  business  much  better  than  you — which  is  usually  the  case — let 
them  have  their  own  way,  and  rest  assured  that  among  all  these  cooks  the  broth 
will  be  spoiled. 

It  were  no  more  than  proper  that  you  should  ask  of  the  sitter  if  he  have  any 
suggestions  of  his  own  to  offer.  If  so,  endeavor  as  near  as  may  be  to  conform 
to  them.  If  you  cannot  do  this,  explain  to  him  why  this  is  impracticable.  If  he 
still  insists,  take  him  as  he  desires,  and  tell  him  in  a  gentlemanly  manner  that, 
since  he  has  become  the  artist,  he  must  not  hold  you  accountable.  Should  the 
picture  then  prove  satisfactory,  well  and  good  j  but  if  otherwise,  he  will  be  sure 
to  yield  to  you  next  time. 

If  a  sitter  brings  back  his  proofs  for  a  "  resit,"  do  not  take  it  in  dudgeon ;  on 
the  contrary,  you  ought  to  be  pleased  to  know  that  now  you  have  some  sort  of 
a  guide  to  go  by.  You  have  something  to  work  from,  for  all  faults  in  the  first 
proofs  may  now  be  avoided  in  the  second  attempt. 

Do  not  come  in  the  morning  to  business  with  a  sour  temper  and  black  looks, 
because  something  has  gone  wrong  elsewhere.  Perhaps  you  have  received  a 
curtain  lecture,  or  perhaps  you  have  committed  some  folly  which  "has  gone 
back  on  you."  Do  not  commence  the  day  by  fault-finding  with  everybody  and 
everything,  for  I  can  assure  you  that  that  style  of  proceeding  will  simply  dis- 
gust all  with  whom  you  come  in  contact;  consequently,  they  do  not  do  their 
work  as  well  as  they  should,  and  you,  you  alone,  are  the  loser  thereby* 

If  you  have  fault  to  find  occasionally  (which  I  think  considerably  more  than 
probable),  do  so  in  a  gentle  though  firm  manner.  Answer  not  angrily — "a  soft 
answer  turneth  away  wrath."  Be  not  overbearing  towards  your  subordinates. 
Eemember  that — 

.    .    .    "  Man,  proud  man ! 

Dressed  in  .a  little  brief  authority, 

Most  ignorant  of  whs^t  lie's  most  assured  ; 

His  glassy  essence — like  an  angry  ape — 

Plays  such  fantastic  tricks  before  high  Heaven 

As  make  the  angels  weep." 
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INCLUDING  THE  CHIEF  FAILURES  IN  NEGATIVE  MAKING  :  THE  CAUSE,  CURE, 

AND  PREVENTION. 


It  often  happens,  alas  too  often,  that  A  is  troubled  with  "fog."  B  never  has" 
a  foggy  plate;  that  is  to  say,  as  the  first  trace  of  fog  presents  itself,  B  knows  at 
once  the  cause,  and  cures  it  instantly.  C  is  troubled  with  streaks,  &c,  w7hereas 
D  has  never  seen  any  during  his  entire  practice.  E  is  troubled  with  pinholes, 
F  never.  G,  whose  plate  is  "  troubled "  with  a  peculiar  marking,  carries  this 
plate  to  H,  an  eminent  operator,  and  asks  the  cause,  and  is  disappointed  because 
II  is  unable  to  tell  him  at  once,  from  the  fact  H  never  has  seen  it,  consequently 
cannot  be  expected  to  answer  at  once.  J  cannot  strengthen  his  plate  at  all 
without  staining  it,  whilst  K  will  intensify  to  a  fabulous  extent  without  the 
slightest  blemish;  and  so  on  to  the  end  of  the  alphabet. 

Why  is  this  so?  Answer:  working  under  entirely  different  conditions.  A 
man  taken  suddenly  sick,  sends  for  a  noted  physician.  Is  it  to  be  expected 
that  the  physician  will  inform  him  instantly  what  ails  him,  and  write  out  a  pre- 
scription of  cure  ?  Certainly  not.  The  physician  asks  :  c:  Where  do  you  feel  pain  ? 
if  any;  what  have  you  been  eating  lately  ?  what  have  you  done  ?"  feels  his  pulse, 
examines  his  tongue;  in  fact,  the  patient  undergoes  a  complete  examination  be- 
fore any  physician  would  undertake  to  tell  him  his  "  trouble." 

Now,  apply  this  to  photography.  A  complains  of  fog  to  B,  asks  what  is  the 
cause,  &c.  Now,  when  we  come  to  consider  that  fog  may  arise  from  a  dozen 
different  causes,  and  be  of  several  varieties,  B  cannot  possibly  answer  at  once. 
He  must,  like  the  physician,  ascertain  by  examination  this  particular  case. 

MANIPULATION   No.  1. 

Preparing  the  Plate  for  the  Camera. — The  advice  generally  given  in  the  books, 
to  coat  a  plate,  is  something  like  the  advice  given  the  man  who  wanted  to  learn 
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the  flute,  namely,  "  Blow  bard  in  the  top  hole,  and  move  your  fingers  over  the 
other  holes."  The  practiced  operator  only,  will  flow  the  plate  with  a  perfectly 
smooth,  clean,  and  even  film.    The  mouth  of  the  bottle  should  be  wiped  before 


It  makes  a  difference  how  you  hold  the  plate — 
whether  you  intend  to  make  two  exposures  on  a 
plate,  or  only  one — in  coating  it.  For  instance,  if  it 
is  intended  to  make  two  exposures  on  the  plate,  hold 
it  as  shown  in  Fig.  151.  Commence  pouring  on  the  collodion  at  the  point  A, 
and  as  you  pour,  gently  tilt  the  plate,  that  the  collodion  may  flow  in  tbe  direc- 
tion B,  next  to  C,  and  finally  drain  off  into  the  bottle  at  the  corner  D.  The  plate 
must  now  be  gently  rocked  as  the  film  sets,  that  it  may  set  perfectly  smooth 
and  even.  This  is  not  easy  to  describe  in  print,  so  it  would  be  well  for  3-011  to 
see  it  done  by  one  who  thoroughly  understands  it.  When  only  one  picture  is 
intended,  hold  the  plate  as  shown  in  Fig.  152,  and  observe  the  same  directions 
as  already  given  for  flowing. 

The  moment  the  collodion  becomes  sufficiently  "set"  (i.  when  upon  touch- 
ing the  film  at  the  corner  whence  it  was  poured  off,  the  film  leaves  the  im- 
pression of  the  fingers,  as  in  soft  wax,  and  without  tearing  away),  it  is  ready 
for  the  bath.  By  practice  endeavor  to  use  only  sufficient  collodion  to  cover  the 
plate,  and  no  more. 

The  plate  is  to  be  lowered  in  the  bath  in  the  direction  in  which  it  was  held 
whilst  coating.  Thus,  let  the  end  B  A  reach  the  bath  first.  The  plate  must  be 
lowered  slowly  but  steadily,  and  the  moment  it  is  thoroughly  submerged  give  it 
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a  gentle  motion  up,  down,  and  sideways,  by  giving  the  hand  a  circular  motion 
for  a  few  moments.  It  may  be  raised  occasionally  from  the  bath,  to  watch  the 
process  of  "  sensitizing."  When  first  introduced,  the  alcohol  and  ether  in  the 
film  repel  the  water  of  the  bath,  and  upon  drawing  up  the  plate  you  will  notice 
that  the  solution  clings  to  the  surface  of  the  plate  in  drops,  but  by  degrees  it 
runs  down  in  greasy-looking  lines,  until  finally  the  whole  surface  becomes 
smooth.  Allow  the  plate  to  remain  in  the  bath  at  least  a  minute  after  it  becomes 
smooth,  and  do  not  withdraw  it,  as  frequently  recommended,  for  this  is  a  great 
error.  When  ready,  allow  it  to  drain  a  few  moments  over  the  bath,  from  one 
corner,  and  place  it  gently  in  the  plate-holder  j  lay  several  thicknesses  of  bibu- 
lous paper  on  the  back  of  the  plate,  and  close  the  door  of  the  holder.  It  is 
now  ready  for  the  camera. 

Remarks  on  the  Above. — If  the  plate  be  lowered  in  the  bath  before  the  film  is 
sufficiently  set,  the  water  in  the  bath  precipitates  the  cotton  in  the  collodion  in 
a  fine  state  of  subdivision,  and  gives  rise  to  a  spotty  appearance  on  the  plate, 
especially  at  that  corner  where  the  collodion  was  poured  off.    If  the  film  be 


Fig.  153.  Fig.  154. 


allowed  to  stand  too  long  after  setting,  the  unequal  evaporation  gives  rise  to 
bluish  insensitive  parts  of  the  plate,  where  the  collodion  was  thinnest.  If  the 
plate  be  lowered  too  quickly  in  the  bath,  it  gives  rise  to  numerous  streaks  in 
the  direction  of  the  dip  (see  Figs.  153  and  154). 

The  hand  shows  the  direction  in  which  the  plate  was  dipped  in  the  bath.  If 
the  least  hesitation  occur  in  lowering  the  plate  whilst  in  the  bath,  a  white  line 
will  be  left  at  that  part  where  the  stoppage  took  place,  which  would  be  where 
the  surface  of  the  bath  solution  touched  the  surface  of  the  plate  (see  Fig.  155). 
If  the  plate  be  removed  too  soon  from  the  bath,  although  it  may  look  smooth,  the 
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surface  will  branch  out  in  little  rivers  (see  Fig.  156),  which  will  become  pain- 
fully visible  after  development. 


Observe  that  the  plate  should  always  be  put  in  the  plate-holder  in  the  same 
direction  in  which  it  is  put  into  the  bath,  and  be  careful  at  all  times  to  keep  the 
plate-holder  in  the  same  position. 

Before  putting  the  plate  in  the  holder,  hold  it  up  to  the  light  a  moment,  to 
notice  the  density  of  the  film,  which  should  be  perfectly  smooth,  creamy — not 
bluish — and  semi-transparent.  You  will  observe,  upon  returning  to  the  dark- 
room, after  exposure,  that  the  plate  has  gained  considerable  in  density  during 
the  time  it  remained  in  the  holder,  showing  conclusively  that  the  decomposition 
was  still  going  on  during  exposure. 

The  focusing  should  be  done  with  a  focus-glass  of  about  three  inches  focal 
length.    Nothing  definite  can  be  stated  as  to  the  length  of  time  of 


Eemember  that  as  little  delay  as  possible  should  take  place  between  the  time 
of  removing  the  plate  from  the  bath  and  the  development,  in  order  to  produce 
the  best  chemical  effects.  In  relation  to  taking  two  pictures  on  one  plate :  un- 
less you  are  very  much  pressed  for  time,  I  seriously  protest  against  the  practice 
of  making  two  exposures,  different  in  position,  style,  and  lighting;  for  if  the 
plate  should  have  stood  inadvertently  too  long,  either  before  or  after  exposure, 
the  development  might  be  controlled,  there  being  but  one  picture,  or  at  least 
two  alike,  in  exposure,  light,  &c.  But  where  a  stoppage  is  made  to  make  a  new 
position,  light,  &cv  the  time  of  exposure  must  also  necessarily  change,  and  it 


Fig.  155. 


Fio.  156. 
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requires  a  very  practiced  hand  to  determine  the  time  so  accurately  that  the 
two  exposures  may  develop  together.  One  view  may  be  over-developed  before 
the  second  is  sufficiently  done,  and  you  are  just  as  likely  to  lose  the  best  one. 
In  any  event,  one  of  the  two  must  needs  be  the  sufferer.  Granting  that 
both  are  good,  you  must  still  admit  that  they  would  have  been  better  had  there 
been  no  loss  of  time;  and  on  the  other  hand,  suppose  only  one  view  to  be  good, 
and  you  wish  two  (else  you  would  not  have  changed  the  position),  you  must 
now  prepare  another  plate.  What  do  you  gain  by  this?  Nothing ;  on  the  con- 
trary, this  mode  of  proceeding  is  an  absolute  loss  of  time,  and  an  injury  to  the 
result ;  for  had  you  taken  both  positions  alike — first,  your  development  would 
have  been  uniform  and  easily  accomplished;  second,  you  would  have  had  a  dou- 
ble chance  of  securing  a  good  picture;  third,  you  coat  another  plate,  and  have 
all  these  advantages  for  your  second  picture ;  and  fourth,  experience  proves  that 
even  where  both  positions  are  taken  alike,  still  the  little  delay  here  requires  that 
the  second  exposure  should  have  more  time  than  the  first,  in  order  to  make  the 
development  uniform. 

MANIPULATION  No.  2. 

Development. — The  plate  having  been  exposed  the  proper  length  of  time,  now 
comes  the  most  important  of  all  the  dark-room  manipulations. 

Holding  the  plate  by  the  same  corner  it  was  held  in  coating,  flow  on  the  de- 
veloper from  that  corner  (C)  to  the  opposite  corner  (D),  with  a  quick,  steady 
movement,  which  must  immediately  swill  the  plate  at  all  parts.  Now  keeping 
the  plate  level  and  as  nearly  still  as  possible,  barely  moving  it  sufficient  to  allow 
the  developer  to  reach  all  parts,  watch  carefully  the  development. 

There  should  be  sufficient  acid  in  the  developer  to  allow  it  to  remain  on  the 
plate  a  few  moments  before  any  trace  of  the  image  appears,  and  then  the  whole 
image  should  develop  up  slowly  and  gradually,  that  you  may  have  ample  time 
to  watch  narrowly  the  whole  proceeding. 

The  least  hesitation  in  the  flowing  of  the  developer  will  give  rise  to  inefface- 
able stains  and  markings. 

Do  not  wait  until  the  deepest  shadows  are  out,  or  most  of  the  brilliancy  of 
the  negative  will  be  lost. 

If  the  shadows  "  hang  fire"  at  all,  the  negative  will  be  worthless,  as  any 
attempt  to  force  them  out  will  only  intensify  the  lights,  and  ruin  the  negative. 
The  error  here  is  too  short  exposure,  or  bad  lighting.  Better  by  far  over-expose 
than  under-expose;  the  former  can  be  remedied,  the  latter  is  hopeless. 
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KEMARKS  ON  DEVELOPMENT. 

If  the  highlights  start  out  too  suddenly,  and  the  shadows  are  obstinate,  give 
more  time,  or  light  up  the  shadows  better.  On  rainy  or  damp  days  this  is  very 
likely  to  be  the  case. 

If  the  development  proceed  too  rapidly,  and  you  know  the  time  of  exposure 
to  be  about  right,  weaken  the  developer  with  a  mixture  of  four  parts  water  to 
one  part  acetic  acid.  If  the  development  proceed  too  slowly,  and  you  know 
the  time  of  exposure  to  be  about  right,  strengthen  the  developer  by  adding 
more  of  a  concentrated  solution  of  iron  and  water. 

If  the  negative  is  good  otherwise,  with  the  exception  of  being  too  intense 
(not  hard,  mind  you,  but  too  intense),  and  the  collodion  is  of  the  right  consist- 
ency, add  a  little  alcohol  to  the  developer,  which  will  reduce  the  intensity  and 
vigor,  and  increase  the  time  of  exposure. 

If  the  contrasts  are  too  great,  either  the  time  was  too  short,  the  development 
too  tedious,  or  the  subject  was  badly  lighted. 

If  the  contrasts  are  insufficient,  and  the  negative  thin  and  weak,  the  sitter 
had  too  much  light  on  him,  with  too  light  a  background.  The  remedy  here  is, 
to  fix  the  negative,  and  wash  thoroughly  after  coming  from  the  hypo  bath. 
Now  intensify  with  pyro  and  silver  (see  page  138)  until  the  contrasts  are  suffi- 
ciently brilliant. 

In  intensifying  with  pyro  and  silver,  flow  the  plate  several  times  with  the 
pyro  first,  before  adding  the  silver.  By  this  method  you  will  avoid  bluish 
stains.  If,  whilst  intensifying  after  fixing,  the  plate  becomes  covered  with  a 
brownish  deposit,  which  floats  about  on  the  surface,  this  deposit  is  hyposulphite 
of  silver,  and  indicates  that  the  plate  was  not  sufficiently  washed  from  the  hypo 
before  applying  the  pyro  and  silver. 

Any  stains  that  may  occur  during  intensifying,  after  fixing,  giving  the  plate 
the  appearance  of  being  burnt,  and  turning  it  a  brownish  blue,  let  it  not  dis- 
tress you,  but  continue  the  application  of  the  pyro  and  silver  until  you  have 
got  the  necessary  intensity.  Now  wash  well,  and  replace  the  plate  in  the  hypo, 
when  all  the  stains  and  discolorations  will  entirely  disappear,  and  the  original 
bloom  of  the  negative  will  be  restored. 

If  the  developer  be  too  strong,  its  first  application  will  be  apt  to  make  streaks, 
as  shown  in  Fig.  157.  The  negative  being  thoroughly  washed  and  fixed,  bring 
it  out  for  examination.  If  the  plate  contains  little  markings,  like  flashes  of 
lightning  (see  Fig.  158),  they  are  caused  by  a  scum  on  the  surface  of  the  bath, 
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which  scum  is  gradually  acquired  by  using  a  collodion  too  highly  iodized  for 
the  bath.    This  cannot  be  cured  by  removing  the  scum  with  a  piece  of  paper, 


Fig.  157. 


Fig.  158. 


as  every  fresh  plate  tends  to  form  the  scum  again.  The  remedy  is  to  dilute  the 
collodion  with  plain  collodion,  or  by  removing  the  plate,  when  ready,  very  rap- 
idly, that  the  scum  may  not  cling  to  its  surface.  This  scum  is  very  likely  to 
appear  when  you  are  using  a  collodion  containing  bromide  of  potassium,  and 
iodized  as  highly  as  nine  grains  to  the  ounce.  This  can  never  be  the  case  with 
Anderson's  portrait  collodion. 

Fig.  159.  Fig.  160. 


If  upon  examining  the  film  with  a  microscope,  it  exhibits  the  markings  as 
shown  in  Fig.  159,  the  difficulty  is  in  the  cotton  used  in  the  collodion;  yet,  if 
not  visible  to  any  great  extent,  need  cause  no  uneasiness.    If  the  plate  contains 
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"comets"  (see  Fig.  160),  these  are  caused  by  dust  or  unsettled  collodion.  If 
the  collodion  be  perfectly  clear  and  transparent,  the  comets  are  from  dust; 
if  the  collodion  be  muddy  and  unsettled,  the  plate  will  present  comets,  as  above. 
But  if  the  plate  be  covered  with  patches  like  those  shown  in  Fig.  161,  it  has 
been  caused  by  the  plate  having  received  a  sudden  blow  whilst  in  the  holder. 
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If  the  plate  be  covered  with  innumerable  little  brown  nuclei,  having  wavy 
tails  (see  Fig.  162),  it  is  caused  by  the  impurity  of  the  albumen,  and  generally 
occurs  during  hot  weather,  especially  after  the  plate  has  stood  some  time 
before  development. 


Fio.  163. 


If  the  plate  present  black  stains,  as  in  Fig.  163,  these  stains  are  caused  by 
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handling  the  plate  with  fingers  from  which  the  developer  has  not  been  suffi- 
ciently washed.  If,  on  the  contrary,  these  stains  are  white,  the  fingers  are  con- 
taminated with  hypo,  or  cyanide  of  potassium. 

•  If  the  plate  present  the  appearance  represented  in  Fig.  164,  namely,  the  form 
of  the  dip-rod  through  it,  there  was  too  much  white  light  in  the  dark-room  dur- 
ing the  coating  of  the  plate. 

If  the  plate  has  the  appearance  asjn  Fig.  165,  that  is  to  say,  if  it  have  a  reg- 
ular lined,  ridged  appearance  before  varnishing,  it  is  caused  by  letting  the  plate 
drain  too  long  in  one  position  before  the  collodion  was  properly  set.  If  after 
varnishing,  from  the  same  cause  with  the  varnish. 

If  the  plate  be  covered  with  oyster-shell  markings  (see  Fig.  166),  or  whitish 
stains  at  the  corners,  it  is  caused  by  unequal  drying,  especially  from  long  stand- 
ing of  the  plate.  The  stains  from  the  corners  are  caused  by  dirty  plate-holders. 
The  latter  should  be  wiped  out,  and  frequently  greased  with  tallow. 

In  copying,  when  the  plate  has  to  be  exposed  a  long  time  (twenty  minutes  to 
half  an  hour),  or  in  taking  badly  lighted  interiors,  these  stains  may  sometimes  be 
avoided  by  placing  a  wet  towel  on  the  back  of  the  plate.    If  the  plate  should 


Fig.  165.  Fig.  166. 


be  found  to  be  quite  dry,  after  a  long  exposure  in  hot  weather,  first  flow  it  with 
clean  water  until  evenly  covered,  drain  off  the  water  well,  and  flow  it  with  a 
thirty-grain  solution  of  nitrate  of  silver,  and  finally  develop  it. 

If  the  plate,  after  fixing  and  drying,  be  covered  with  fancy  feathers  and  crys- 
tallized branches,  as  in  Fig.  167,  they  are  caused  by  not  washing  sufficiently 
after  fixing;  they  are  crystals  of  hyposulphite  of  soda.  Soaking  in  hot  water 
before  varnishing  may  dissolve  them  out. 

If  the  plate  be  covered  with  curved  and  whitish  lumps  of  iodide,  after  sensi- 
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tizing  (see  Fig.  168),  these  are  caused  by  drafts  of  air  striking  the  plate  during 
the  pouring  on  of  the  collodion. 


Fio.  167. 


Fig.  168. 


If  the  plate  have  irregular  lines,  like  curtains,  at  the  side  of  the  plate,  they 
are  caused  by  carelessness  in  coating  the  plate,  and  a  neglect  to  rock  the  plate 
sufficiently  whilst  draining  off  the  collodion  (Fig.  169). 

If  the  plate  contain  insensitive  marks,  as  in  Fig.  170,  it  is  caused  by  sweaty 
hands,  in  hot  weather,  and  generally  bears  the  impress  of  the  fingers  and 
thumb.'  The  remedy  is,  to  place  a  piece  of  cardboard  under  the  glass. 


Fio.  169. 


Fio.  170. 


If  a  drop  of  water  be  allowed  to  fall  upon  the  plate  during  development  (and 
especially  before  it),  it  will  give  rise  to  spots,  marked  A,  Fig.  171,  and  bubbles 
of  collodion,  or  albumen,  will  leave  rings  like  those  marked  B,  same  Fig. 
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If  the  plate  contain  brown,  star-like  specks  after  fixing,  which  were  not  there 
before,  they  come  from  unfiltered  hypo,  and  are  caused  by  fixing  plates  from 
which  the  developer  has  not  been  sufliciently  washed. 

Fig.  171.  Fig.  172. 


If  the  plate  exhibit  bluish  or  brownish  stains  after  strengthening  or  intensi- 
fying with  pyro  and  silver  (see  Fig.  173),  they  are  probably  caused  by  apply- 
ing the  pyro  and  silver  together,  instead  of  first  applying  the  pyro  and  then 
mixing  the  silver.  The  cure  in  such  cases  is,  to  replace  the  plate  in  the  hypo, 
when  such  stains  speedily  disappear. 


Fig.  173.  Fig.  174. 


If  after  washing  and  drying,  the  film  show  $ny  tendency  to  split  or  tear 
away  completely  from  the  plate  (see  Fig.  174),  the  cause  is  generally  from 
dirty  plates.    This  can  be  effectually  stopped  by  using  albumenized  plates. 
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If  the  plate  be  not  alburaenized.  or  if  you  have  inadvertently  used  the  unalbu- 
menized  side  of  the  plate,  and  have  reason  to  think  you  will  lose  the  film  in 
consequence,  before  allowing  to  dry  flow  it  with  a  weak  solution  of  gum  arabic, 
before  varnishing. 

If  the  plate  contain  long,  snake-like  marks,  with  round  heads  at  the  ends  (see 
Fig.  175),  it  is  caused  by  a  bubble  in  the  collodion,  and  can  be  detected  before 
sensitizing. 

Fig.  175.  Fio.  17G. 


If  the  plate  contain  snake-like  markings  after  development,  they  are  caused 
by  a  bubble  in  the  developer,  which  bubble  follows  the  direction  of  the  plate 
whilst  it  is  tipped  to  and  fro  during  development. 

If  the  film  has  a  mottled  and  cloudy  appearance,  it  may  be  caused  by  the 
collodion  being  too  thick,  or  by  carelessness  in  the  coating  (most  probably  the 
latter). 

A  film  that  is  too  blue  and  thin  when  removed  from  the  bath,  is  caused  by 
the  bath  being  too  strong  for  the  collodion,  or  by  the  collodion  not  being  suffi- 
ciently iodized  for  the  bath.  The  chief  cause  of  thin  and  bluish  films  is  insuffi- 
cient iodizing  of  the  bath ;  let  the  bath  be  nearly  at  the  point  of  saturation. 
Cold  and  damp  days  also  occasion  thin,  blue  films;  keep  the  dark-room  between 
70°  and  80°  F. 

PINHOLES. 

Pinholes  maybe  formed  in  five  ways  :  first,  dust;  second,  unsettled  collodion; 
third,  overiodized  bath ;  fourth,  too  strong  iron  solution ;  fifth,  overiodized  hypo. 
All  of  these  have  a  different  and  distinct  appearance. 

1.  Pinholes  from  dust  are  irregular  as  regards  size,  and  scattered  irregularly 
over  the  plate.    The  remedy  is  obvious. 
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2.  Pinholes  from  unsettled  collodion  are  very  numerous,  and  regularly  scat- 
tered over  the  entire  plate.  Upon  examining  them,  however,  with  a  micro- 
scope, they  will  be  found  to  have  little  tails  attached  to  them,  which  indicate  at 
once  the  source  whence  they  arise. 

3.  Pinholes  from  an  overiodized  bath  are  very  numerous,  scattered  evenly 
over  the  plate,  are  sharp  crystals  without  tails,  and  leave  a  clear  spot  on  the 
glass  after  fixing.    The  remedy  is  given  on  page  144. 

4.  Pinholes  from  too  strong  iron  solution  are  caused  by  the  precipitate  of 
oxide  of  iron.    They  have  a  close  resemblance  to  those  of  an  overiodized  bath. 

5.  When  the  hypo  solution  has  dissolved  as  much  iodide  of  silver  as  possible, 
it  will  be  saturated,  and  after  a  short  time  w7ill  deposit  fine  crystals  of  iodide  of 
silver  on  the  plate.  In  this  case,  however,  these  may  be  detected  by  there  be- 
ing no  signs  of  pinholes  until  after  fixing. 

If  there  should  be  any  doubt  as  to  whether  the  bath  is  near  a  point  of  satu- 
ration with  iodide  of  silver,  you  may  easily  determine  the  state  of  the  bath  by 
the  following  exjDeriment. 

Into  four  ounces  of  water  pour  gradually  four  ounces  of  bath  solution,  and 
watch  narrowly  the  time  when  the  precipitate  of  iodide  of  silver  takes  place. 
If  you  can  add  nearly  the  whole  amount  of  bath  solution  before  the  milky  pre- 
cipitate takes  place,  the  bath  is  far  from  saturation ;  but  should  the  precipitate 
take  place  before  much  addition  of  the  bath  solution,  continue  to  add  the  four 
ounces  of  solution,  and  stir  the  milky  mixture  thoroughly.  Next  add  crystals 
of  nitrate  of  silver  gradually,  stirring  until  dissolved.  When  the  mixture  just 
clears,  and  no  more,  test  with  your  hydrometer,  and  you  will  see  at  once  the 
state  of  the  bath.  If  the  hydrometer  mark  30  grains,  or  nearly  30  grains — 
the  original  strength  of  the  bath — your  bath  is  nearly  saturated;  but  if  the  hy- 
drometer mark  only  20  grains  or  less,  you  need  not  fear  pinholes  from  over- 
iodizing,  for  some  time  to  come. 

FOGGING. 

By  fogging  is  meant  a  veiling  or  mistiness  over  that  part  of  the  plate  which 
has  been  least,  or  not  at  all,  affected  by  light.  It  is  a  reduction  of  silver  all  over 
the  plate,  quite  independent  from  that  caused  by  light.  Fogging  is  the  result 
of  a  great  number  of  causes.    It  may  be  divided  into  two  classes : 

1.  Impurity  in  the  chemicals  used. 

2.  Improper  manipulation  (or  carelessness,  which  amounts  to  about  the  same 
thing). 

From  the  Collodion. — If  collodion  A  cause  fog,  whilst  collodion  B  is  free  from 
fog,  in  the  same  bath  and  under*  the  same  conditions,  the  presumption  is,  that 
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the  collodion  is  in  fault.  Test  it.  It  should  be  slightly  acid  ;  if  not,  and  it  is  very 
nearly  colorless,  add  tincture  of  iodine  until  it  assume  an  orange  color.  If  the 
bath  is  acid  (which  it  ought  to  be),  and  if  the  collodion  be  alkaline — which  it 
ought  not  to  be — fogging  is  a  natural  consequence,  from  the  fact  that  an  acid 
bath  coming  in  contact  with  an  alkaline  collodion,  gives  rise  to  an  effervescence 
which  cannot  but  prove  disastrous. 

The  Developer. — If  the  developer  be  too  strong,  the  silver  will  be  precipitated 
over  the  entire  plate  before  the  plate  has  had  time  to  appropriate  the  necessary 
amount  to  form  the  image.  If  the  developer  be  too  weak,  the  silver  is  so  slowly 
precipitated  that  the  image  appears  to  lose  its  power  of  attraction  for  the  silver, 
which  is  in  consequence  deposited  over  the  whole  plate. 

If  the  time  of  exposure  be  too  long,  the  effect  is  somewhat  similar  to  a  too 
strong  developer;  and  if  the  time  of  exposure  be  too  short,  the  effect  is  some- 
what similar  to  a  too  weak  developer. 

Dirty  Plates. — The  developer  will  always  develop  the  dirt  on  a  plate;  in  such 
cases  the  fogging  will  be  irregular,  and  lay  in  patches  over  the  plate.  Eemedy, 
use  albumenized  glass. 

White  Light. — The  developer  will  naturally  reduce  the  silver  on  any  part  of 
the  plate  that  has  been  "  struck "  by  light;  this,  like  the  above,  will  be  in 
irregular  masses,  and  only  at  such  places  of  the  plate  as  were  "  lightstruck." 
The  collodion  is  very  rarely,  if  ever,  the  cause  of  fogging,  for  a  collodion  made 
as  here  directed  cannot  be  nor  become  alkaline  ;  for  if  it  should  be  colorless 
when  first  made,  I  have  directed  the  addition  of  a  few  drops  of  tincture  of 
iodine,  or  the  addition  of  one-fourth  its  volume  of  an  old  and  red  collodion,  made 
by  the  same  formula. 

If  the  chemicals  have  been  prepared  according  to  the  directions  given  herein, 
the  bath  slightly  acid,  as  also  will  be  the  collodion,  fogging  cannot  occur  until 
the  bath  becomes  disordered,  or  a  change  is  made  in  the  collodion  or  in  the 
developer.  Coat  a  plate  carefully  and  immerse  it  slowly  in  the  bath;  when 
properly  coated,  develop  it  (exactly  as  if  it  had  been  exposed,  and  keep  on  the 
developer  for  about  the  same  length  of  time);  wash  off  the  developer  under  the 
tap  and  "fix."  If  a  universal  layer  of  mistiness  cover  the  entire  plate,  and  lie 
only  on  the  film  and  not  in  it,  the  bath  is  in  fault;  if,  however,  there  should  be 
any  portion  of  the  plate  perfectly  clear,  the  chemicals  are  not  to  blame.  Should 
the  bath  prove  alkaline,  which  is  not  to  be  expected,  the  cause  of  fogging  in 
this  instance  is  the  presence  of  organic- matter,  which  a  slight  addition  of  nitric 
acid  will  dissolve.  Should  the  bath  prove  acid,  no  more  acid  should  be  added  at 
this,  nor  at  any  other  time,  to  the  bath.  If  a  newly  prepared  bath  "fog"  but  very 
slightly,  let  it  stand  quiet  all  night,  and  it  will  be  found  to  work  clean  and  bright 
on  the  morrow. 
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The  Bath. — If  you  have  made  no  changes  in  your  collodion  nor  developer, 
which  worked  perfectly  before,  and  the  time  of  exposure  you  know  to  be  right, 
and  if  the  fogging  or  mistiness  in  the  shadows  is  only  slight,  pour  out  the  bath, 
test  it  for  acidity — once  acid  it  never  can  grow  alkaline — and  filter  it.  This 
may  keep  off  the  fogging  for  some  time,  for  in  this  case  it  was  clearly  caused 
by  mechanical  impurities,  such  as  dust,  scum,  &c,  floating  in  the  bath.  But 
should  this  fogging  reappear  very  shortly  after  filtering,  say  after  dipping  six 
or  eight  plates,  the  bath  is  chemically  disordered,  especially  if  in  developing 
should  the  image  appear  and  almost  immediately  be  overtaken  by  the  fog,  which 
completely  obscures  the  picture.  The  bath  must  be  thoroughly  renovated,  as 
directed  on  page  141. 

The  reason  that  the  addition  of  acid  to  a  bath  (which  is  already  acid)  to  dis- 
solve organic  matter,  is  protested  against  is,  because  this  is  but  a  temporary 
check;  here  we  have  but  "scotched  the  snake,  not  killed  it."  Moreover,  too 
much  acid  in  the  bath  gives  rise  to  feeble  images,  and  an  increased  time  of 
exposure. 

FILTEKING  THE  BATH. 


Fig.  177. 


As  the  filtering  of  a  large  bath  is  a  source  of  considerable  trouble  and  incon- 
venience, I  present  you  with  a  method  at  once  simple  and  effectual  by 

means  of  the  following  apparatus:  Let  A 
represent  a  piece  of  wood  about  one  inch 
thick,  and  a  half  disk  sawed  out  half  the 
circumference  of  the  demijohn  B.  There 
is  also  a  piece  of  soft  wire,  D — or  a  band 
of  rubber  will  answer  very  well — fastened 
at  one  end  of  the  piece  of  wood  A;  at 
the  other  end  it  is  bent  so  as  to  hook  into 
the  screw-eye  E,  and  thus  keeps  the  inverted 
demijohn  B  in  its  place.  This  piece  of  wood 
is  fastened  at  the  proper  height  to  any  con- 
venient wall  of  the  apartment.  The  demi- 
john B,  capable  of  containing  the  entire 
solution  of  the  bath,  is  provided  with  a  cork, 
through  which  passes  a  glass  tube  about 
three  or  four  inches  long,  and  a  quarter  of 
an  inch  in  diameter;  a  portion  of  the  cork  is 
cut  out,  as  represented  in  the  drawing  F. 
Around  the  neck  of  the  demijohn  are  two  pieces  of  wood  joined  together,  which 
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inclose  the  neck  G.  The  demijohn,  being  charged  with  the  solution  and  corked, 
is  inverted  over  a  funnel  containing  the  filter.  The  uprights  H  H  support  the 
piece  G,  and  keep  it  from  resting  on  the  funnel.  This  funnel  rests  in  a  hole  cut 
out  of  the  shelf  I,  which  latter  is  supported  by  the  brackets  J  J,  which  are,  like 
the  piece  A,  fastened  to  the  wall.  The  lip  of  the  funnel  either  dips  into  another 
similar  demijohn,  or,  if  you  prefer,  into  the  bathholder.  You  will  observe  that 
the  instant  the  demijohn  A  is  inverted,  the  solution  commences  running  out  and 
the  air-bubbles  in,  and  the  solution  would  eventually  all  run  out  were  it  not  for 
the  fact  that  the  mouth  of  the  demijohn  dips  below  the  top  of  the  funnel,  consequently, 
as  soon  as  the  solution  reaches  the  cork  in  the  demijohn,  the  atmosphere  is  cut 
off  from  entering  the  hole  in  the  cork,  and  thus  matters  come  to  a  standstill 
until  sufficient  solution  has  run  through  the  filter  to'again  allow  the  air  to  enter 
the  demijohn,  when  the  solution  runs  out  as  before,  &c,  &c.  Should  your  bath 
consist  of  three  or  four  gallons  of  solution,  which  would  require  many  hours  to 
filter,  you  have  merely  to  start  this  simple  piece  of  work  at  night  when  you  go 
home,  and  in  the  morning  the  work  is  done. 

Some  said,  "  John,  print  it,"  others  said,  "  Not  so  ;" 
Some  said,  u  It  might  do  good,"  others  said  "  No." 

And  so  I  penned 
It  down,  until  at  last  it  came  to  be, 
For  length  and  breadth,  the  bigness  which  you  see. 


THE  END. 
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Aberration,  chromatic,  62. 

spherical,  63. 
Accessories,  115. 
Achromatism,  62. 
Acid,  acetic,  97. 

citric,  98. 

hydrochloric,  98. 

muriatic,  98. 

nitric,  98. 

nitrohydrochloric,  98. 

phosphoric,  105. 

pyrogallic,  99. 

sulphuric,  99. 

tannic,  99. 
Acids,  81,  85. 
Acoustics,  26. 
Actinism,  59. 
Adhesion,  11. 
Admission,  centre  of,  51. 
Affinity,  chemical,  12,  90. 
Air,  composition  of  the,  105. 
Albumen,  99. 

preparation  of,  123. 
Albumenizing  the  paper,  157. 

plates,  122. 

Alcohol,  99. 
Ambrotypes,  171. 
Ammonia,  100. 

Ammonio-nitrate  of  silver,  108. 
Ammonium,  100. 

bromide  of,  100. 

chloride  of,  100. 

iodide  of,  100. 
Amorphous,  89. 

Anecdote  of  Bernard  Lens,  198. 
Angle  of  incidence,  38. 

reflection,  38. 
refraction,  44. 
Aqua  ammonia,  100. 
fortis,  98. 
regia,  98. 

Art,  as  applied  to  Photography,  180. 

Astigmation,  65. 

Atmosphere,  composition  of,  105. 

pressure  of,  22. 
Atomic  theory,  82. 

weights,  83. 
Atoms,  9. 
Attraction,  12. 
Axis  of  lens,  49. 

mirror,  40. 
Azote,  105. 

Background,  115. 
Balance  line,  181. 


Barometer,  24. 

Bases,  81,  85. 

Bath,  fixing,  140,  165. 

fusing  of,  145. 

negative,  129. 

positive,  157. 

precipitation  of,  146. 

rectification  of,  141. 
Bleaching,  theory  of,  101. 
Blue  films,  cause  of,  211. 
Brilliancy,  how  produced,  190. 
Buoyant  effects,  19. 

Cadmium,  bromide  of,  101. 

iodide  of,  101. 
Calcium,  chloride,  101. 
Camera,  drawbacks  of  the,  186. 
obscura,  67. 
photographic,  148. 
stand,  149. 
Capillary  attraction,  11. 
Cask,  bursting  of  a,  18. 
Centre  of  admission,  51. 

curvature,  49. 
emission,  51. 
gravity,  181. 
optical,  40. 
Centrifugal  force,  16. 
Centripetal  force,  16. 
Chemical  action  of  light,  90. 
affinity,  90. 
combination,  86. 
equivalents,  83. 
room,  the,  120. 
Chemistry,  outline  of,  80. 
Chlorine,  101. 
Chromatic  aberration,  62. 
Circle,  composition  on  the,  182. 
Citric  acid,  98. 
Cleavage,  89. 
Coal,  power  of,  34. 
Coating  the  plate,  201. 
Cohesion,  11. 
Collodio-chloride,  169. 
Collodion,  Elbert  Anderson's  portrait,  127. 
ferrotype,  170. 
iodized,  126. 
plain,  124. 
porcelain,  169. 
Color,  cause  of,  56. 

complimentary,  57. 
Colors,  play  of,  57. 
Coloring  magic  lantern  slides,  173. 
Combination,  chemical,  86. 
Comets,  207. 
28 
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Compounds,  9. 
Composition,  182. 
Concluding  remarks,  197. 
Contrasts,  185. 
Convection,  31. 
Copperas  (green  vitriol),  104. 
Copying,  148,  174. 

camera,  171. 

stand,  174. 
Corrosive  sublimate,  105. 
Crystallization,  theory  of,  88. 
Curvature,  centre  of,  49. 

of  field,  04. 

Daguerreotype,  94. 

to  clean,  175. 
Dark-room,  the,  119. 
Decomposition,  double,  87. 

of  light,  53. 
Deliquescence,  89. 
Detail  of  manipulations,  200. 
Developers,  137. 
Developing,  136,  204. 

lanter 

Development,  133. 
Dew,  how  formed,  32. 
Diagonal  line,  182,  183. 
Diaphragms,  63. 
Dispersion  of  lenses,  62. 

light,  53. 
Distortion,  65,  187. 
Distance,  how  represented,  184. 
of  camera,  187,  188. 

lens,  curious  effect  of,  187,  188. 
Divisibility  of  matter,  10. 
Draperies,  192. 
Dry-plate  printing,  172. 

Echo,  cause  of,  28. 
Efflorescence,  89. 
Elements,  9,  81. 
Enamel  for  cards,  167. 
Endosmosis,  12. 
Equivalents,  chemical,  83. 
Ether,  sulphuric,  102. 
Evaporation,  33. 
Exosmosis,  12. 

Experiments,  10,  12,  13,  14,  18,  19,  23,  24,  27, 
33,  35,  47,  57,  58,  60,  70,  72,  73,  93,  96,  103, 
105,  133. 

Exposure,  203. 

Eye,  structure  of  the,  68. 

Failures  in  negative  making,  200. 
Falling  bodies,  13. 
Ferrotype  collodion,  170. 
Ferrotypes,  170. 

unreversed,  171. 


Filtering,  12. 

apparatus,  214. 
Fixing  bath  for  negatives,  132. 

positives,  165. 

solutions,  140. 
Fluxes,  178. 
Focal  length,  49. 
Foci,  conjugate,  41. 
Focus,  40. 

principal,  40. 

to  correct,  150. 

virtual,  42. 
Fogging,  141,  142,  212. 
Foreshortening,  184. 
Freezing  mixtures,  32. 
Fringes,  accidental,  58. 
Fulminating  gold,  103. 

silver,  145. 

Fuming,  159. 
Fusing  the  bath,  145. 

Gases,  nature  of,  34. 

diffusion  of,  86. 
Gelatine,  102. 
Glass,  to  albumenize,  122. 
clean,  121. 
negative,  121. 
polish,  122. 
transparencies,  171. 
Gold,  chloride,  102. 

fulminating,  103. 
Ground-glass,  substitute  for,  150. 
Gum  arabic,  160. 
Gun-cotton,  106. 

Heat,  30. 

cause  of  expansion,.  11. 
Hints  to  the  artist,  197. 

mounter,  167. 
Hydrochloric  acid,  98. 
Hydraulic  ram,  21. 
Hydrogen,  103. 
Hydrometer,  20. 
Hydrostatic  paradox,  17,  19. 
Hydrostatics,  17. 
Hydro-oxygen  blow-pipe,  104. 

Images,  38. 

accidental,  57. 

invisible,  theory  of,  135. 

real,  42. 

virtual,  39. 
Imperfections  of  human  faces,  188. 

negatives,  202. 
Index  of  refraction,  45. 
Inertia,  15. 
Intensification,  139. 

effect  of,  140. 
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Interference  of  waves  of  light,  60. 

sound,  27. 

Introduction,  9. 

Iodides  and  bromides,  125. 

Iodine,  104. 

proportionate  weight  of,  125,  126. 
Iodizing  the  bath,  130. 
Iron,  iodide  of,  104. 

protosulphate  of,  104. 

Kaolin  (China  clay),  105. 

Laughing  gas,  105. 
Lens,  Bernard,  anecdote  of,  198. 
camera,  149. 

restoring  a  combination,  150. 
Lenses,  49. 

Light,  absorption  of,  91. 

chemical  action  of,  90. 

decomposition  of,  53. 

degradation  of,  59. 

nature  of,  34. 

polarization  of,  78. 

reflection  of,  37. 

refraction  of,  44. 

velocity  of,  37. 

vibration  of  a  ray  of,  59,  61. 

waves  of,  35,  59. 
Litmus,  105. 

paper,  105. 
Looming,  48. 

Magic  lantern,  66. 

slides,  171. 

to  color,  173. 
Markings  on  plates,  205. 
Medallion  printing,  162. 
Mercury,  bichloride  of,  105. 
Metals,  definition  of,  81. 
Mirage,  48. 
Mirrors,  38. 
Mixture,  86. 
Molecular  force,  11. 
Molecules,  9. 
Mounting,  166. 
Mounter,  hints  to,  167. 
Mounting  press,  166. 
Motion,  15. 

of  planets,  16. 
Muriatic  acid,  98. 

Negative  bath,  129. 

to  fuse,  145. 

to  rectify,  141. 
Negatives,  imperfections  of,  200. 
Nitre  (saltpetre),  107. 
Nitro-hydrochloric  acid,  98. 
Nitrogen,  105. 

protoxide  of,  105. 


Nomenclature,  84,  185. 
Normals,  40,  50. 

Optical  centre,  40. 

mirrors,  40. 
Optics,  34. 

Over-iodized  bath,  132. 
Oxygen,  106. 

Oyster-shell  markings,  208. 

Paper,  albumen,  157. 

silvering,  158. 
plain  salting,  156. 
silvering,  156. 
Papyroxyline,  106. 
Particles,  9. 
Paste,  encaustic,  167. 

starch,  166. 
Perspective,  183. 
Photographic  chemicals,  97. 
Photography,  97. 

sketch  of,  92. 
Phosphoric  acid,  105. 
Plane  of  incidence,  38. 

reflection,  38. 
refraction,  38. 
Platcholder,  149. 
Platform,  117. 
Pneumatics,  22. 
Porcelain  pictures,  168. 

printing,  168. 
frames,  170. 
to  grind,  168. 
collodion,  169. 

Pores,  10. 

Portrait  collodions,  E.  A's,  127. 
Portraiture,  189. 
Positive  bath,  157. 

to  restore,  159. 
Positives  for  lanterns,  171. 

with  dry  plates,  172. 
Position,  192. 

Potassium,  bromide  of,  108. 

cyanide  of,  108. 
iodide  of,  108. 
nitrate  of,  107. 
permanganate  of,  143. 
sulphuret  of,  108. 
Precipitation,  87. 

of  negative  bath,  146. 
of  iodide  in  bath,  144. 
Preparing  the  plate,  200. 
Pressure  of  the  atmosphere,  22. 
liquids,  17. 
frames,  160. 
Print,  the,  159. 
Printer,  hints  to  the,  167. 
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Printing,  155. 

frames,  160. 

porcelain  pictures,  170. 
Pinholes,  143,  211. 
Prism,  48. 
Pyrogallic  acid,  99. 
Pyroxyline,  106. 

Radiant,  41. 

Rainbow  explained,  55. 

Recovery  of  silver  from  wastes,  175. 

Reception-room,  117. 

Rectification  of  negative  bath,  141. 

Redevelopment,  136. 

Reduction,  133. 

of  silver  bath,  147. 

Relief,  191. 
Reflection,  37. 

angle  of,  38. 

internal,  47. 

plane  of,  38. 
Reflectors,  116. 

Kurtz's  counter,  116. 
Refraction,  44. 

angle  of,  44. 

index  of,  45. 

plane  of,  44. 
Residues,  treatment  of,  178. 
Resonance,  28. 

Retouching  the  negative,  151. 

pencils,  &c,  152. 
stand,  152. 

Salting  paper,  156. 
Salts,  85. 
Saturation,  87. 
Scum  on  plates,  206. 
Sensitizing  the  paper,  157. 

plates,  201. 

Shading,  185. 

Silver,  ammonio-nitrate  of,  108,  156. 
bromide  of,  108. 
carbonate  of,  108. 
chloride  of,  109. 
fulminating,  146. 
hyposulphite  of,  109. 
iodide  of,  109. 

to  prepare,  129. 
nitrate  of,  109. 
oxide  of,  ]  10. 
reduction  of,  147. 
sulphide  of,  165. 
Skylight,  112. 

glass  for,  113. 
ventilation  of,  114. 
Soda,  hyposulphite  of,  110. 

phosphate  of,  110. 
Sodium,  chloride  of,  110. 


Solution,  86. 
Sound,  cause  of,  26. 

velocity  of,  28. 

waves  of,  27. 
Speaking  trumpet,  29. 
Specific  gravity,  19. 
Spectrum,  solar,  54. 
Speculum,  39. 
Splitting  of  films,  211. 
Spots,  &c,  209. 
Spheroid  state,  33. 
Stains  on  plates,  205,  207. 
Starch  paste,  166. 
Stereoscope,  75. 
Stereoscopic  pictures,  76. 
Stereoscopicity,  71. 
Stops,  63. 

Streaks,  cause  and  cure,  202,  203. 
Strengthening,  138. 
Strontia,  chloride  of,  111. 
Sulphuric  acid,  99. 
Swing-back,  148. 
Symbols,  84,  85. 
Syphon,  20. 

Tanks,  washing,  119. 
Tannic  acid,  99. 
Thorwaldsen's  "Night,"  183. 
Toning,  163. 

baths,  164. 
Touch  paper,  107. 
Transparencies,  glass,  171. 
Transversals,  51. 
Transverse  vibration,  29,  36. 
Triangular  composition,  181. 

Upward  pressure  of  air,  23. 

fluids,  18. 
Uranium,  nitrate  of,  111. 

Vacuum,  23. 
Vaporization,  32. 
Varnish,  negative,  151. 
Varnishing  negatives,  151. 
Ventilation  of  dark-room,  114. 
Vertex,  40. 
Vignettes,  160. 

frames,  161. 

printing,  161. 
Vitriol,  oil  of,  99. 
Vision,  68. 

Washing-tanks,  119,  165. 

the  prints,  162. 
Wastes,  recovery  from,  175. 
Water,  composition  of,  111. 

to  purify,  111. 
We,  Us,  Ourselves  and  Co.,  197. 
Welding,  11. 


Wilson,  Mood  &  Co., 


DEALERS  IN 


StEreoscopzs  ajyd  yx 


Arch  Street,    <m822Wr   Philada.,  Pa.  j 


HA  VE  NOW  IN  STORE,  A  FULL  STOCK  OF 

Ross  Iff  Steinheil  Lenses  ;  American  Optical  Co.'s  Apparatus  ; 

Wilson's  Rests — Nos.  i,  2,  and  3  ;  Collins' s  Card  Stock  ; 

Magee's  Chemicals  ;  Philadelphia  Solid  Oval  Frames  ; 
Chicago  Met  a  I- Rim  Frames  ; 

Philadelphia  Oval  and  Square  Frames  ; 

French  Frames,  all  styles  ;  Stereoscopes,  Stereoscopic  Views, 

Foreign  and  American,  and  Photographic  Materials 

In  great  variety,  which  we  will  be  pleased  to  receive 

Orders  for,  and  will  sell  at  very  low  figures. 

Send  for  our  new  Illustrated  Price  List. 

WILSON,  HOOD  &  CO., 

822  Arch  St.,  Philadelphia. 


jScoviLL  ^Manufacturing  jCo., 
Photographic  Goods, 

No.  £  Beekman  Street,  New  York, 

No.  78  Bold  St.,  Liverpool,  England. 


idlers  SfoppM  toitft  %  §tst  iM^  an  \\t  §tst  toms. 
Proprietors  of  the  American  Optical  Co/s  Apparatus  Works, 


OUE  OWN  EXTENSIVE  FACILITIES  FOR  MANUFACTURING  ENABLE  US  TO  PRODUCE  FIRST  QUALITY  OF  GOODS, 
AND  OUR  EXTENSIVE  CONNECTIONS  AT  HOME  AND  ABROAD  GIVE  US  FACILITIES 
WHICH  NO  ONE  ELSE  HAS. 


Waterbury,  Conn., — New  Haven,  Conn., — New  York  City. 


See  other  Advertisements  in  the  Photographic  Books  and  Maga-zit 


READ  THE  PHOTOGRAPHIC  TIMES. 

222 


Bendann  Broth ers 


Patented  f872. 


Holmes  Medal  Awarded  by  the  National  Photographic 
Association  at  St.  Louis. 

SIMPLE  !  PR  0F1  TABLE  !  EAS  Y  ! 

IN  USE  BY  THE  LEADING  GALLERIES  IN  EVERY  CITY  IN  THE  UNITED  STATES. 

% 

Jp|  -£k|-|-f-      You  can  buy  one  for  $3.50,  of       -JIgi  00'l'"f'Y't/Y  ^  With  flail  Directions  and  |-Tl~lT 

<4-r4,-UUJ  any  Stookhouse,  A>J right  to  use.  V^Li^* 


SAMPLE  PRINTS  AND  PRICE  LISTS 


SENT  ON  APPLICATION  TO  ANY  STOCKHOUSE,  OR  TO 


BENDANN  BROTHERS, 

1153  Broadway,  N.  Y. 
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E.  &  H.  T.  ANTHONY  &  CO., 

Photographic  Materials  and  Chromos^ 


Opposite  Metropolitan  Hotel. 


Mo.  591  Broad  wa  y,  JY.  Y. 


PHOTOGRAPHIC  VARNISHES,  COLLODIONS 
COTTONS,  IODIDES  AND  BROMIDES,  CAMEO 
PRESSES,  S.  V.  PASSEPARTOUTS, 


SWISS  PINK,  DRESDEN  ALBUMEN,  AND  PLAIN 
0\\     SAXE  AND  RIVE  PAPERS j    PORCELAIN  WARE, 
\      EVAP'lNG  DISHES,  GENUINE  B.  P.  C.  GLASS, 
GOLD  SAUCERS,  FILTERING  PAPER. 

CASES,  J  Dealers 
IRS,        I X    I  \0 
LOUNGES,  f  £7  W\  ^ROGALLIC  ACID, 

1  ^ I  that  can 

Baby  Chairlh- 

Si       ful  and  convenient 

kW\\  GRAPHOSCOPES,  and 
Photographic  Manipulation.    \  \ 

1   STEREOSCOPIC  VIEWS, 


HYPO.  SODA, 

GERMAN 


^AGlassBaths 


SILK  CURTAILS.  &c,  tt^s 

Stereoscopes 


Albums 


AS  WELL  AS  LARGE 


Photograph. 


Chrotnos. 


Agents for  Eureka  Plates,  and  Dean's  Adamantean  Plates,  Dallmeyer  Lenses,  Success  Camera 
BENDANN'S  BACKGROUNDS,  ASHE'S  BACKGROUNDS,  Etc.,  Etc. 

Send  for  Catalogue.  Address  P.  O.  Box  2200 
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I   BIGELOW'S  ALBUM  S 


24  ART  STUDIES,  $6. 


This  Album  brings  Lighting  and  Posing  down  to  a  system  at  once  plain,  easy,  and  desirable.  No  good,  intelligent  operator 
can  afford  to  work  without  it.  It  contains  24  Victoria  Portrait  Studies  in  Light  and  Pose,  with  an  explanatory  key,  telling  ex- 
actly how  each  picture  was  made,  where  the  camera  and  sitter  were  placed  when  it  was  made,  what  curtains  were  opened  in 
lighting  the  subject,  &c.  A  diagram  of  the  interior  of  the  skylight  is  given  in  each  case,  telling  the  whole  story.  It  is  bound 
handsomely  in  cloth,  gilt. 

"  It  is  one  of  the  most  valuable  aids  to  art  education  which  has  yet  been  presented  to  the  photo,  portraitist.  Each  print 
represents  a  distinct  study  of  pose  and  lighting,  the  widest  variety  of  effects  being  comprehended.  Many  of  the  'shadow  '  por- 
traits and  Rembrandt  effects  form  part  of  the  series.  The  series  of  studies  is  full  of  beauties  and  most  pregnant  with  suggestion. 
We  should  be  glad  to  see  it  in  the  hands  of  English  portiaitists  generally."— Photo.  News. 

"  When  a  sitter  desires  to  be  taken  in  a  style  similar  to  any  one  of  those  in  the  album,  it  is  observed  in  a  moment  which  of 
the  shutters  or  curtains  were  closed  and  which  open.  The  method  is  an  admirable  one  and  Mr.  Bigelow  deserves  credit  for  the 
systematic  way  in  which  he  has  carried  it  QUI."— British  Journal  of  Photography. 

"  I  hailed  with  pleasure  Bigelow's  Album  of  Lighting  and  Posing.    I  confess  that  this  work  has  furnished  me  much  instruction, 

?articularly  in  the  manner  In  which,  by  word  and  picture,  studies  about  light  and  pose  are  explained  and  made  comprehensible, 
know  full  well  how  difficult  this  is,  for  I  experienced  it  myself,  when  writing  my  Handbook,  and  in  the  second  edition  I  shall 
not  omit  to  refer  to  Bigelow's  example.   We  have  learned  much  from  America  in  these  practical  matters."— Dr.  Vogel. 

"  We  do  not  know  of  anything  ourselves  that  has  been  presented  to  the  trade  which  is  calculated  to  do  so  much  real  good  as 
Bigelow's  Album,  with  the  explauitory  key  to  the  studies.   It  is  an  invaluable  guide  to  the  portraitist."— Phila.  Photographer. 


IT  18  SELLING  EXTENSIVELY  IN  EUROPE.     PRICE  SIX  DOLLARS.    FOR  SALE  BT  ALL  STOCK  DEALERS. 


BENERMAN  &  WILSON,  Publishers,  Philadelphia,  Pa 
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36  WEST  FIFTH  ST., 
CINCINNATI,  O. 
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Baltimore 


N  DEPENDENT  6/$$  TO  CK cm  EPOT 


Mo.  7  NORTH  CHARLES  ST., 


Baltimore,  Md. 


Parties  In  the  South  and  Southwest,  or  in  any  other  direction,  desirinj 


And  fair,  square  dealing,  will  do  well  to  try  us.   We  believe  our  customers  will  warrant  us  in  saying  that  we  sell  at  low  prices, 
fill  orders  promptly,  keep  everything  wanted,  and  carefully  regard  their  interests.  We  ask  respectfully  for  a  share  of 
your  patronage ;  we  find  that  a  house  based  on  our  principles  is  supported  and  can  be  established. 


PHOTOGRArHIC  PRINTING  AND  COLORING  DONE  FOR  THE  TRADE,  THUS  SECURING  TO  OUR 
CUSTOMERS  THE  WORK  OF  THE  BEST  ARTISTS. 

J 

puR  Jhole  ^ttention  is  now  ^iven  to  our  ^tock  Jrade. 

Please  call  and  see  our  new  store,  or  send  us  a  trial  order.  Confidential  list  of  special  discounts  for  large  orders  sent  on 
application  to  us. 

DINMORE  $  WILSON, 


No.  7  North  Charles  St.,  Baltimore,  Md. 
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Everything  pertaining  to  PHOTOGRAPHY  of  guaranteed  excellence.    A  larger  stock 
and  lower  prices  than  any  House  in  the  West.    Send  an  Order 
AND  BE  CONVINCED. 


^  - — c,         f  CI  A         0  ~~~~  -~ 


CHAS.W.  MTEVENS, 


*  $64  WEST 


CHICAGO. 

Voigtlander  &  Sons. 

American  Optical  Company,  and  other 

CHAS.  W.  STEVENS' 

Darlot— Portrait,  View,  and  Gem. 

makes  of 

UNRIVALLED  COLLODION. 

Imitation  Dallmeyer— Portrait. 

CAMERA  BOXES, 

Prepared  from  unequalled  formulie. 

CAMERA  STANDS, 

with  special  care. 

Imitation  Dallmeyer— Portrait,  Quick- 

HEAD  RESTS, 

Acting. 

BATHS, 

NEGATIVE, 

Imitation  Dallmeyer— Stereoscopic. 

NEGATIVE  BOXES, 

POSITIVE,  or  GEM, 

C.  C.  Harrison— Portrait. 

RACKS,  4c,  4c. 

REMBRANDT, 

C.  F.  Usener— Portrait. 

The  largest  and  most  complete  stock  of 

QUICK, 

VIEW. 

Morrison— View. 

PHOTOGRAPHIC  APPARATUS 

Unrivalled  for  successful  results. 

J.  II.  Dallmeyer. 

In  the  West,  and  I  will  sell  at  prices 

AST  TRY  IT! 

Ross. 

that  will  suit. 

C.  W.  S.  Pure  Liquid  Chloride  of  Gold. 

CAMERA  TUBES,  warranted. 

OUTFITS  A  SPECIALTY. 

C.  W.  S.  Pure  Dry  Chloride  of  Gold. 

SEND  FOR  PRICE  LIST. 

Send  for  Descriptive  Price  List. 

C.  W.  S.  Chloride  of  Gold  and  Sodium. 
C.  W.  S.  Geneva  Albumen  Paper. 
Rive  4  Steinback,  White  and  Pink,  1 

OLutij  Stock, 

The  best  Paper  in  the  market. 
CHAS.  W.  STEVENS- 

AND  FULL  WEIGHT. 

A.  M.  Collins,  Son  4Co.'s,  fall  line  at 
their  prices. 

NEW  CAMEO  PRESS, 

EQUAL  TO  THE  BEST, 

Bergen's  Ferro.  Matts. 

Gem,  Victoria,  and  Cahinet  Envelopes, 

And  Cheapest  in  the  market.  Price.  $3 

TERMS-CASH  OR  C.O.D. 

Slips,  and  Pockets. 

Descriptive  Circular  ready. 
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Alfred  L.  Hance,  Manufacturer,  126  North  Seventh  Street,  Philadelphia. 


ELBERT  ANDERSON'S  PORTRAIT  COLLODION. 

The  honorable  reputation  which  Mr.  Anderson  has  gained  by  his  very  useful  instructions  printed  in  the 
Philadelphia  Photographer,  has  caused  many  to  apply  to  him  for  some  of  his  own  make  of  Collodion.  He 
has  at  last  consented  to  manufacture  it  for  the  trade.  He  makes  it  with  his  own  hands  and  brains  at  Kurtz's 
Studio,  New  York,  and  has  made  me  his  distributing  agent.  It  is  put  up  in  half-pound  bottles,  at  80  cents 
each,  or  $1.50  per  pound.  In  purchasing,  see  that  Mr.  Anderson's  signature  is  pasted  over  the  cork  of  each 
bottle.    It  is  used  and  praised  by  hundreds  of  operators. 

Of  course  Mr.  Anderson  uses  his  own  Collodion  daily  in  making  Mr.  Kurtz's  elegant  work,  which  fact 
is  as  good  a  testimonial  as  it  can  have.    See  the  twelve  examples  in  this  book. 

HANCE'S  WHITE  MOUNTAIN  COLLODION, 

(USED  BY  KILBURN  BROS.,  LITTLETON,  N.  H.) 

This  Collodion  is  prepared  especially  for  landscape  photography;  works  rapidly,  keeps  well,  and  seems  to 
secure  the  greatest  amount  of  detail  possible.  It  is  used  by  Kilburn  Bros.,  entirely,  for  their  stereographic 
work,  in  and  out  of  doors;  they  having  settled  upon  it  as  the  most  advantageous,  after  having  tried  many  other 
Collodions  of  home  and  foreign  manufacture.  They  say,  "it  is  beautiful,  and  far  excels  anything  we  ever  used 
for  detail  and  clearness."    With  this  recommendation,  I  ask  you  to  try  it. 

None  genuine  unless  my  signature  is  pasted  over  the  cork.  Price,  $1.50  per  pound,  or  80  cents  per 
half  pound. 

CURTIS'  NIAGARA  FALLS  COLLODION. 

(MADE  UNDER  INSTRUCTIONS  OF  MR.  G.  E.  CURTIS,  THE  CELEBRATED  NIAGARA  FALLS  PHOTOGRAPHER.) 

This  brand  of  Collodion  is  also  superb  for  all  kinds  of  landscape  work,  and  especially  for  highly  illuminated 
subjects,  water,  frost-work,  white  buildings,  shipping,  &c,  &c,  where  delicate  detail  is  desirable  with  rapid 
exposure.  Mr.  Curtis  uses  this  Collodion,  always,  except  in  special  cases  where  the  subject  in  hand  needs 
special  treatment.  His  beautiful  work  is  a  grand  testimonial  to  the  advantages  of  his  Collodion.  All  good 
manipulators  will  appreciate  it. 

None  genuine  without  my  signature  over  the  cork.    Price,  $1.50  per  pound,  or  80  cents  per  half  pound. 

HANCE'S  PECULIAR  PORTRAIT  COLLODION. 

(quick  working.) 

This  is  a  Chloro-Iodide  Collodion  without  bromide,  and  is  admirable  for  quick  work,  in  and  out  of  doors, 
though  made  specially  for  portrait  use,  after  the  private  formula  of  a  skilled  artist.  It  produces  a  very  soft  and 
creamy  film,  and  you  will  like  it  for  many  subjects.  All  genuine  has  my  signature  over  the  cork.  Price, 
$1.50  per  pound,  or  80  cents  per  half  pound. 
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GRIT  VARNISH. 


I  have  purchased  the  entire  right  to  manufacture  Cummings'  Grit  Varnish,  which  is  the  best  Retouch- 
ing Varnish  produced.  It  is  the  only  Varnish  which  gives  a  real  biting  surface  for  the  pencil,  without 
after  manipulation.  A  dead,  gray  surface  is  not  a  biting  surface.  To  retouch  delicately  and  not  too  much 
Grit  is  your  greatest  helper.  It  also  serves  as  a  capital  negative  varnish,  as  the  Grit  may  be  allowed  to  pre- 
cipitate, and  the  Varnish  used  for  ferrotypes  and  negatives  not  to  be  retouched.  It  is  already  well  known  in 
the  market,  and  I  have  made  several  improvements  in  its  production  which  are  decidedly  advantageous.  It  is 
also  put  up  in  new  shape  with  a  new  label.  Price  the  same  as  ordinary  varnishes,  with  all  its  extra  advan- 
tages, 40  CENTS  PER  BOTTLE. 

HANCE'S  SILVER  SPRAY  GUN  COTTON. 

Special  attention  is  given  to  the  production  of  this  article.  It  is  made  by  a  method  peculiarly  my  own, 
and  is  guaranteed  very  superior.  It  secures  a  delicate,  creamy  film,  and  renders  superb  half-tones.  It  is  of 
course  new  to  you  all,  and  you  are  requested  to  test  its  good  qualities  for  yourselves.  It  is  splendid.  Each  four 
ounces  of  it  has  special  treatment,  separately,  in  its  manufacture,  thus  securing  certain  qualities  whjch  I  think 
will  delight  those  who  know  what  a  good  negative  cotton  ought  to  be.    Price,  50  cents  per  ounce. 

GILL'S  CONCENTRATED  CHROMO  INTENSIFIER. 

(MADE  BY  THE  INVENTOR  FOR  ME  ONLY.) 

This  Intensifier  is  more  properly  a  negative  colorer.  It  does  not  build  and  thus  render  a  negative  offen- 
sively intense;  it  only  adds  delicacy  of  detail  to  the  negative;  its  effects  are  mysterious  and  wonderful;  it  can 
be  used  repeatedly;  it  will  keep  indefinitely;  its  effect  can  be  removed  and  repeated  indefinitely;  by  it  a  weak 
solar  negative  can  be  made  a  good  contact  printing  negative;  it  is  particularly  recommended  to  good  practical 
photographers  who  appreciate  the  advantages  of  good,  light,  soft,  and  delicate  manipulation  in  the  dark-room 
and  field;  its  action  is  slower  on  a  dry  than  on  a  wet  negative,  and  under  better  control.  A  dry  negative 
should  be  wetted  before  applying.  It  has  been  in  use  several  years  by  many,  but  not  pushed  as  much  as  it 
should  be.    Good,  skilful  manipulators  will  find  this  Intensifier  a  great  helper. 

PRICE,  50  CENTS  PER  EOTTLE.   FULL  DIRECTIONS  ON  THE  LABEL. 

Hance's  preparations  are  all  put  up  with  neat  labels  in  the  Blake  pattern  bottles,  oblong,  beveled  corners. 
Get  the  genuine,  and  give  them  a  fair  trial. 

Orders,  large  or  small,  will  have  prompt  attention.  New  articles  in  preparation.  See  Magazine 
Advertisements. 

ALFRED  L.  HANCE, 

Manufacturer  of  Photographic  Specialties, 
FOR  SALE  BY  ALL  DEALERS.  126  NORTH  SEVENTH  St.,  PHILA. 

JJ^"*  Will  purchasers  please  examine  the  quantity  contained  in  the  bottles  of  Hance's  Specialties,  and 
take  notice  that  full  measure  is  always  given,  and  that  the  bottles  are  not  partly  filled  with  useless  glass  ? 
Eight  ounces  of  Collodion,  six  ounces  of  Varnish,  and  four  ounces  of  Intensifier,  are  always  given.  See  that 
what  you  purchase  is  genuine  and  full  measure. 
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PRICE  $4.00  ONLY.    SENT  BY  MAIL  POSTPAID. 


This  trimmer  is  skillfully  and  well  made,  and  does  its  work  with  astonishing  rapidity  and  excellence.  All 
photographers  now  save  the  trouble  and  loss  from  torn  prints  in  cutting  out  oval  and  elliptic  prints.  It  is 
maiding    n°W    y°U  ^  ^  °f  tbG  Robinson  Trimmers.   We  put  them  up  in  little  paper  boxes  carefully  for 

;rasexten8ive  as  it  is  simple.   It  will  * r:,v, 
^  ^tviv*nce  l9:,tch  in  diameter  for  the  locket  to  hi      ,»H  phot 


£  oi  %  of  »  "ffcW**'  So  trimming  a  photograph,  j„  ife'S*  l*ret0%  <fj**<6  Po 

<  P  v>» e       ^^p^Tin  a  h"1 dle'  fd  roller  turn  around  on  a  verticil  „.  h>rr»  n  f-  Q»",    f°r  t}P'ljVoCl'j/, 

*  ^SW  *f"c  sv^^ejfass  plate.   The  object  of  this  K        *itC<>       \  ^ ^  /}, 


4$ 


*  W>a  L?e  «uide  lie  hand-  with  a  slight  outward  and do*£  proP^  oV  b£^to»  ^ 

*'*C  , a^S  cler^guid°i^Viu-  the  ™ller  in  the  pursuit  of ^V^**^***  ^ 
'.        S,0Caie.  an|«t!  ? f  b7.  reason  of  the  free  movement  in      c0^f      ftt  i&  ^ 


*Cve*^c!  P7,«  e v«e  ^ui^e  cond,  , ■  d'witba sl >Zht outward ai 
r  lcied,  „laiJ'g  cn,eri°  gUidin2U£tllJS  the  roller  in  the  purs 
14ST  '    "<*  &e  'e  a"d  ski  1 b?  reason  of  the  free  mover* 

4  CUtting  do  iU1  Erecting  the  cut,  as  in  the  use :  u.      ^e  a*-- 

fi'^lfB    w       aS  eas%  a"d  indifferently  as  a  kniie  ca        ^  # 
'    WI^L  SAVE  AN  IMMENSE  AMOUNT  01?  * 

ROBINSON'S  IMPROVED  GUIDES. 

We  supply  mathematically  true  shaped  Guides  for  Photographs,  at  the  rate  of  5  cents  per  inch  the  long  way.  For  example 
a  card  size  would  be  about  15  cents,  and  a  6  x  8,  40  cents. 

BENERMAN  £sf  WILSON,  Agents  for  the  Trade, 
For  Sale  by  all  Dealers.  Philadelphia,  pa. 

232 


FOR  SALE   BY  ALL  DEALERS. 


task?  $)  radical  jferatjpr, 


By  A    K.  P.  TRASK. 

f  + 

PRICE, 

^§>)  75  CENTS,  POST-PAID,  (jjP^ 
+  + 

This  book  is  entirely  given  up  to  practical  instruction.   The  author  is  the  best  known  ferrotyper  in  the  country,  and  no  one  is  so 

completely  master  of  ferrotyping  as  he. 

AN   ELEGANT  FERROTYPE  OF  CARD  SIZE,  MADE   BY  THE  AUTHOR, 
ACCOMPANIES   EACH  BOOK, 

Which  is  well  worth  the  price  as  a  study;  also,  SEVERAL  WOOD  CUTS. 


Introduction. 

Tlie  Rise  and  Progress  of  Ferrotyping. 
Silver  Bath  for  Ferrotypes. 
Over-acid  Baths. 

Flowing  of  Scum  over  the  Plates. 
How  to  make  over  Old  Baths. 
Collodion  for  Ferrotypes. 
Developing  Solution. 
Remarks  on  Developing. 
Cyanide  for  Fixing  Ferrotypes. 
Metallic  Stains  on  Plates. 
Pinholes  in  Pictures  and  how  to  prevent 
them. 

How  to  Strengthen  a  Ferrotype  when 
too  Light. 


PLEASE  EXAMINE  THE  CONTENTS. 

Coloring  Ferrotypes. 
Ferrotype  Varnish. 
Remarks  on  Varnishing. 
Remarks  on  Coloring. 
Ferrotype  Heater. 
Tablets  for  Ferrotypes. 
Lighting  Ferrotypes. 
Timing  the  Exposure. 
The  Camera  Box. 
Remarks  on  Exposing  the  Plate. 
How  to  Mount  Ferrotypes. 
Paste. 


The  different  styles  of  Mounting  and 

fitting  up  the  Ferrotype. 
Ferrotype  Plates. 
Skylights. 

Improved  Sash  for  Skylights. 

Protection  from  Hailstorms. 

Outside  Blinds  to  regulate  the  Light. 

Inside  Blinds. 

Head-Rests. 

Accessories. 

Backgrounds  and  Curtains. 
How  to  Make  Vignette  Ferrotypes. 
How  to  Make  Medallion  Ferrotypes. 
Rays  of  Light. 
I  The  Picture. 


It  is  not  only  useful  to  fkbeotypkks,  but  it  contains  much  that  is  useful  to  every  photographer,  as  Mr.  Trask  is  both  a  ferro- 
typer and  photographer  of  the  best  class. 


TWO  THOUSAND  COPIES  SOLD  IN  THIRTY  DAYS  AFTER  PUBLICATION. 


BENERMAN  &  WILSON,  Photographic  Publishers, 


30 


Seventh  and  Cherry  Sts.,  Philadelphia,  Pa. 
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at>kic  Publications. 
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"If  you  expect  meritorious  success,  'study.'  ...  By  the  study  of  books  you  are  experiencing  the  observations  of  others  to 
add  to  your  own  stock  and  acquirements." — A.  S.  Southwoeth,  Esq.,  before  the  N.  P.  A.  at  St.  Louis. 

"  We  are  apt  to  look  with  too  much  complacency  and  satisfaction  upon  the  results  we  have  been  able  to  accomplish ;  too  apt 
to  think,  '  Now  we  certainly  have  almost  arrived  at  the  end,  and  the  stage  must  put  up  somewhere.'  "— J.  H.  Kent,  before  N.  P.  A. 

"I  am  certain  that  what  we  all  require  is  more  study  of  art  rules  and  principles,  so  that  there  shall  be  more  intelligent  work- 
ing, and  less  dependence  upon  chance  for  success.  This  faculty  of  seeing  is  only  acquired  by  close  observation  and  careful  study. 
.  .  .  This  guessing  it  will  come  out  all  right  is  a  delusion,  and  almost  inevitably  results  in  failure."— E.  J.  Chute,  before  N.  P.  A. 

"  The  field  for  study  in  your  art  is  boundless."— E.  Y.  Bell,  at  St.  Louis. 


THE  PHILADELPHIA  PHOTOGEAPHEE.   The  oldest  photographic  magazine  in  America.   Issued  the  1st  of  every  month. 

THE  PHOTOGEAPHIC  WOELD.  A  new  magazine  issued  the  15th  of  every  month.  There  is  nothing  in  one  that  is  in  the 
other.  They  are  as  different  from  each  other  as  if  different  parties  published  them.  The  subscription  price  of  each  magazine  is 
$5.00  a  year,  or  the  two  to  one  address  for  $9.00.   Half  a  year  at  the  same  rate. 

DE.  VOGEL'S  HANDBOOK  OF  THE  PEACTICE  AND  AET  OF  PHOTOGEAPHY.  Treats  on  all  matters  of  photographic 
practice  in  every  department.  Decidedly  practical  and  plain.  Full  of  illustrations,  and  has  four  photographs  showing  the 
various  methods  of  lighting  the  face.   Price,  $3.50,  post-paid. 

HOW  TO  PAINT  PHOTOGEAPHS  IN  WATEE  COLOES.  A  practical  handbook  designed  especially  for  the  use  of  students 
and  photographers,  containing  directions  for  Brush  Work  in  all  descriptions  of  photo-portraiture,  oil,  water  colors,  ink,  &c.  By 
Geosge  B.  Ayees,  Artist.   Third  edition.    Price  $2.00. 

HIMES'  GLIMPSES  AT  PHOTOGEAPHY.  By  Prof.  Chaeles  F.  Himes,  Ph.D.  Full  of  useful  information  for  the  photogra- 
phic printer.    Illustrated  with  a  whole-size  photograph.   Cloth,  $1.25. 

THE  YEAE-BOOK  OF  PHOTOGEAPHY.  By  G.  Whabton  Simpson.  English  edition.  Similar  to  Mosaics,  and  pull  of  good, 
short,  practical  articles.   1869,  1870,  1871,  and  1872  no*  on  hand.   50  cents  each.    1873  in  due  season. 

AYEES'  CHAET  OF  PHOTOGEAPHIC  DEAPEEY.  This  is  a  photograph  of  forty-two  pieces  of  cloth,  of  all  the  colors  and 
shades,  handsomely  mounted  on  a  card.  Price,  2.00. 

PHOTOGEAPHIC  MOSAICS.  Issued  annually,  beginning  1866.  Every  article  in  it  was  prepared  expressly  for  its  pages  by  prac- 
tical workers  all  over  the  world.  A  few  copies  of  some  of  the  former  issues  are  to  be  had.  Price,  paper  cover,  50  cents  ;  cloth 
bound,  $1.00.   Postage  paid.   The  1873  issue  is  unusually  good. 

"THE  PHOTOGRAPHEE  TO  HIS  PATEONS."  A  splendid  little  twelve-page  leaflet,  which  answers  all  vexatious  questions 
put  to  you  by  your  sitters,  and  serves  as  a  grand  advertising  medium.  It  is  for  photographers  to  give  away  to  their  customers. 
Send  for  a  copy  and  illustrated  circular.   Over  250,000  already  sold  and  in  use  all  over  the  country.   $20  for  1000,  $35  for  2000,  &c. 

PEETTY  FACES.  A  leaflet  much  smaller  than  "Photographer  to  his  Patrons,"  for  the  same  purpose,  but  costing  less,  viz.: 
1000  copies,  $10.60;  2000,  $17.50,  and  larger  orders  at  less  rates. 

HOW  TO  SIT  FOE  YOUE  PHOTOGEAPH.  This  is  a  fine  little  work  of  forty-eight  pages,  written  by  the  wife  of  a  celebrated 
New  York  photographer,  for  the  purpose  of  educating  the  public  on  the  all-important  subject  of  sitting  for  a  picture,  and  to 
assist  the  photographer  in  securing  the  best  possible  results.   Bound  in  cloth  at  60  cents  per  copy,  and  paper  cover,  30  cents. 

LOOKOUT  LANDSCAPE  PHOTOGEAPHY.  By  Prof.  E.  M.  Linn,  Lookout  Mountain,  Tenn.  A  pocket  manual  for  the  out- 
door worker,  and  full  of  good  for  every  photographer.   75  cents.   Just  out,  June  30th,  1872.    Be  sure  to  get  it. 

BIGELOW'S  ALBUM  OF  LIGHTING  AND  POSING.    With  24  photographs  and  Explanatory  Key.  $6.00. 

TEASK'S  PEACTICAL  FEEEOTYPEE.   Teaches  everything  about  making  Ferrotypes.   75  cents. 

See  special  advertisements  of  the  latter  two  in  this  book.   Always  ask  your  dealers  for  our  publications.   They  all  sell  them. 


mma  k  WILSON,  Photo.  Publishers,  Seventh  and  Cherry  Sts„  Philadelphia. 
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